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PREFACE 


With this volume the Coal Division of the A. I. M. E. makes its bow 


_ to the public. Not that coal is a new subject for discussion at Institute 


meetings, but that the new form of organization and publication permits 
it to be given the attention that its importance warrants. At the first 
meeting of the Institute, nearly 60 years ago, at Wilkes-Barre, R. P. 
Rothwell presented a paper on Waste in Coal Mining. This with 10 
other papers on coal was printed in the first volume of TRANSACTIONS 
and in the long series of volumes published since have appeared many of 
the most important papers that have been printed regarding the tech- 
nology of coal production and utilization. For many years the programs 
on coal were in charge of a Technical Committee, but in February of the 
current year this was expanded into a Division with its own by-laws and 
elected officers. Under the Institute form of organization a Technical 
Division is almost an autonomous society within the larger body. It 
makes its own rules, subject to approval by the Board of Directors, 
organizes its own programs and substantially determines which of the 
papers presented in the course of the year shall be republished in the 
special volume of Transactions devoted to the field of the particular 
Divisions. Final approval of all papers rests with the general Papers 
and Publications Committee, in which all Divisions and Technical 
Committees are represented, but this committee almost invariably 
follows the advice of the Division. 

It is now, accordingly, open to men interested in the broad field of 
coal classification, production, preparation and use to hold meetings, 
organize programs and publish papers without the expense of maintaining 
a separate society. This service the Institute is glad to offer to the 
industry. That the problems are vital and that discussion may well be 
profitable is sufficiently indicated by the contents of this volume. The 
program prepared for the first independent meeting of the Coal Division, 
at Pittsburgh, Sept. 11, 12 and 13, shows furthermore that interest in 
the field is as keen as at any time since the founding of the Institute. 
The cooperation of all in the field is cordially invited. 

H. Foster Bary, 
Secretary. 


FOREWORD 


This volume is the first that has been prepared by the Coal Division 


of the A. I. M. E. and contains most of the papers that have been sub- 


mitted on matters pertaining to coal before the Institute during the 
last three years. Under ‘‘Mining” are included six papers that were 
presented before the Committee on Ground Movement and Subsidence, 
which have been included in this volume so that all papers relating to 
coal or coal mining may be kept together; also, one paper which was 
presented before the Committee on Ventilation and three papers which 
were presented before the Committee on Mining Methods have been 
included in this volume, for the reason outlined above. 

The papers on coal cleaning give results of some scientific work by the 
_U. 8. Bureau of Mines and also the results of cleaning coal by wet 
washing froma commercial standpoint. 


The results of some tests on the coking properties of coal are given in ~ 


two papers presented by the Bureau of Mines; and a paper giving the 
relation of the by-product coke-oven gas to the natural gas supply of 
the Pittsburgh district brings up a phase of the gas question that is 
going to be of increasing importance in future years and is of great 
importance now, as long gas lines are being extended in many parts of 
the country which will sooner or later have to depend for their ultimate 
success on some other source of supply than that coming from gas wells. 

By far the greater part of the volume is devoted to papers on the 
classification of coal, which were presented at the February meetings in 
1928 and 1930. Mr. Fieldner, in his introduction, has given the reason 
for the presentation of these papers. They include a vast amount of 
information on the composition and classification of coal from scientific, 
commercial and use standpoints. This subject has been of great import- 
ance to the industry in past years and there is no doubt of its continuing 
interest. It is hoped that the work of this Committee will result in the 
end anticipated, and the Coal Division is glad to be of service to the 
industry in this connection. 

Howarp N. Eavenson, 
Chairman, Coal Division, 1930 


Se Se 


aol ee 16. se) Somes ekiGe) sit iod gc) aed te cele. oes Wek « us uP ie fre ah gg 
ba ee ae 6 Pes eT ey Bek emey ea: Fay eA ogra, pre We Peek a ey h Oye Wap en bel LO si eae 


Seie loll cee ey op, je: «fel fret eei rie: 


( j 
ation Problems at the World’s Largest Coal Mine. By Henry F. Husiny 
: (With Discussion) SM ao ey AE eee eam he aera? f oar bibs ovcda eats 
a peering Operations in the Sydney Coal Field. By A. L. Hane (With Dis- 

SR EUIECION NE. 9s ect apis surly? so Ay atte + eel eves Eye geet doe seeks 
Barrier Pillar Legislation in Pennsylvania. By Grorcr H. Asuiey (With 


isi) Aca Ole TE Sele ck dy vis « bah HSE osha Alii seeas 


‘Subsidence from Anthracite Mining. By H. W. Montz. With an Introduction 


aq pan on Surface Support by R. V. Norris (With Discussion) ........ 
7 The Royal Commission on Mining Subsidence. By Henry Louis (With 
RGU EAIOTD came RPT PS cael pee ck etclerin ths. Sieceiy Shee TAAS Rs ke sygeacesoscbonenmt’ oe 


Bumps in No. 2 Mine, Springhill, Nova Scotia. By Waiter Herp (With 

SPP RCUSEIOUN) cMri tance te oi Rees sighe erp isy tf oie segl eyes eats 7 evant 

__ Misfires in Anthracite Coal Mines. By T.'D. Taomas (With Discussion) . . . 

_ Misfires in Bituminous Coal Mines. By W. H. Forses (With Discussion) . . 

_ Misfires in Non-metallic Mining (Limestone). By A. W. Worruineton (With 
DVIS CUSSION) = te caee chee he ete ee Ae NY BL cde bobeicviectadute habe. yobs ees 


Cleaning 


ag ii Hindered-settling Classification of Feed to Coal-washing Tables. By B. M. 
z Brrp and H. F. Yancey (With Discussion). ........ 2.0. 
q Re-treating Middlings from Coal-washing Tables by Hindered-settling Classifica- 
y . tion. By B. M. Brrp and H. F. Yancny (With Discussion) ....... 
Coal Washability Tests as a Guide to the Economic Limit of Coal Washing. By 
— _ Grorce STANLEY Scort (With Discussion). ...........44668. 
a ee Bituminous Coal. By J. R. Camppexy (With Discussion). .... . 
f- 


Coking 


Test for Measuring the Agglutinating Power of Coal. By S. M. MarsHaun and 
eV ine aa cVibh  ISCUShION ica celh Gerbitgied Ae i el ysTer sire: ak 
Loss in Agglutinating Power of Coal Due to Exposure. By 8S. M. Marsuatt, 
faphie GANCHYVT Al sAn CO PIRICHARDSONwils! cele iets shal se sel oe 
Relation of By-product Coke Ovens to the Natural Gas Supply of the Pittsburgh 
IDSs, TEN LEI e RNORII 5 Spee gente ci ee ne ee ene 


g Classification 


MrOGUGLOUMEE DD YeAs Gr LIMLDNER cs) used bedets e Sb cee FE eee 
Classification of Coal from Proximate Analysis and Calorific Value. By W. T. 
Fear ea AGE DISCUSSION) om sy seh suice oo ee es ee ee ee 


Be "Subsidence i in Thick Freeport Coal. By Joun M. Raracan (With Discussion) 


135 


151 
207 


. 216 


222 


250 


272 


287 
305 


340 


406 


ae 


<j 


Classification of Coals by Ubeentas nalysis 1 
Classification of Coal from the Peas i tha ‘ 


(With Discussion) . : e+ 
Classification of Coal fom ae Viewpoint of ‘the 
(With Discussion), S30" ee te ae ee - 
- Classification of Coal in the Light of Reounts Discoveries 
eo . Constitution. By W. Francis (With Discussion). 


Commercial Classification of Coal. By F, R. Wapunicx. : 


Use Classification of Coal as Applied to the Gas Industry. By T Wi H Fount: 


(With Discussion)... °oR2ee) = ee eee =o eee ee ae t 
Classification from the Standpoint of ihe By-product Coke Heh By w. 
; BEAuVELT (With Discussion) %s). em ee eee a ese ee = 
" Classification of Coal from the oes of the Steam Power Consumer. By re 
4 S Br Pixde fs. (GS) ee Toon? 2s eee a So 
. Classification of Coal from the Standpaink of the Coal Statistician. By F. G. a) 
Tryon s 3/08. als ae ee ree somes nad 
Closer Cooperation between Scientists and Practical Men (Round Table Dis- 
4 eussiom) So. Pye le) Or VERE Oe See ee Canteen tr, cen es eee ee 
, Natural Groups of Coal and Allied Fuels. By M. R. Campsrett (With Dis- 
cussion) is es Fr SO oan SO Eee eee ee te ene en ae 
Coal Classification; a Review and Forecast. By Grorere H. AsHiey (With 
Discussion )).° 72) 228A oA oe SS ee ee ek 
Outline of a Suggested Classification of Coals. By Davin Wurre (With Dis- 
s GUABION): 6a eo ate fe oh ee Sy ew Se ce 51 
Status of Coal Classification in Canada. By R. E. Giumore (With Discussion). 529 
Multibasic Coal Charts. By H. J. Rosm (With Discussion). ....... 
Changes in Properties of Coking Coals Due to Moderate Oxidation during Stor- 
age. By H.J. Rosr and J. J. S. Smpastran (With Discussion) . .... . 556 
Review of Methods Used in Coal Analysis, with Particular Reference to Classifica- _ 
tion of Coal. By A. C, Fre.upNEr . ae ett 585 — ’ 
Present Status of Ash Corrections in Coal ‘Naabyhts, By A. C, FIELDNER and . a 
W. A. Survie (With Discussion) 7-5 208 2. Yes: ee 597 


Determination of Mineral Matter in Coal and Fractionation Studies of Coal. By 


EK. STANSFIELD and J. W. SurHERLAND (With Discussion). . ....... ‘614 
Constitution and Nature of Pennsylvania Anthracite with Comparisons to Bitu- ae 

minous Coal. By Homer GrirrieLp TURNER (With Discussion). . . . . 627 
Splint Coal. By Rurnnarpr Turmssen (With Discussion). ......... 644. 
Commercial Classifications of Coal. By F. R. WapiEtcuH (With Discussion). 673 
Commercial Description of Pennsylvania Anthracite. By E. W. Parker . . 699 
Properties of Coal Which Affect Its Use for the Manufacture of Coal Gas, Water 

Gas and Producer Gas. By Ginpurt Francxiyn (With Discussion) . . . 706 
INDEX. 6000 wei oe eS da ect saa ae 717 


SN dwtevilucl 
ri at . 


th ANT 


For the year biding February, 1931 


Dinad President. ‘Wii H. Basser, Waterbury, Conn. i oe 
Past President, Gzorer Oris Smiru, Washington, D.C. 
Past President, FrepERIcK W. BRapuny, San Francisco, Calif. 

_ Treasurer, Karu E1zers, New York, N. Y. 
Secretary, H. Foster Barn, New York, N. Y. 


Assistant Secretary, A. B. Parsons, New York, N. Y. B 
«idle if _ _VICE-PRESIDENTS 4 4 
mry Krums, Salt Lake City, Utah | Gzoraz D. Barron, New York, N. Y. 
corr TuRNER, Washington, D. C. Henry A. Bursinr, St. Louis, Mo. 
. A. Gusss, New York, N. Y. ‘Epe@ar Rickarp, New York, N. Y. = 
DrrEcToRS 


Z S RouLaNnp nee AuLEN, Cleveland, Ohio Herspert G. Movutron, New York, N. Y. 
_ CADWALLADER Evans, Jr., Scranton, Pa. Joun V. W. ReynpErs, New Vor, NENG 


_ Joun M. Lovesoy, New York, NS Ye Rosert E. Tatty, Ree. Ariz. 
; © Tome A. Matuews, New York, N. Y. Ere V. Daveter, Butte, Mont. 
Minor Rozerts, Seattle, Wash. EUGENE MoAotrrs, Omaha, Neb. 
_ Herman C. Betiinemr, New York, N. Y. Harvey 8S. Mupp, Los Angeles, Calif. 
; ate Eruers, New York, N. Y. Francis W. PAIne, Boston, Mass. 


Winstean R. Wrieut, Chicago, Ill. 


Officers of the Coal Division 


Howarp N. Eavenson, Chairman 
-  W.H. Fuuweiuer, Vice-chairman M. W. von Burnewitz, Secretary 


Executive Committee 
‘Tuomas G. Fear, Chairman; Tuomas H. Cuacerr, Georce Warkin Evans, 
M. H. Fins, Joun A. Garcia, Hersert D. Kynor, E. z: NEWBAKER, Kenneru A. 
b- Spencer, F, G. Tryon. 


3 ‘ 
3 Programs and Meetings 

a M. D. Coorrr, Chairman; A. C. Catitmn, C. T. pu Rei, C. Enzian, EH. A. 
Hoisroox, Gorpon MacVzan, Taropvore Marvin, A. C. Norn, Henry H. Orro, 
i R. G. Prauuer, H. §. Saumon, L. H. Scunerr, F. G. Tryon, Witiiam R. Wricar. 
t Bituminous Coal Production 


Frank Haas, Chairman; R. L. Apams, C. 8. Buair, GEorGE WaTKIN Evans, 
Joun A. Garcia, H. 8. Geismur, Ivan A. Given, P. C. Graney, C. G. Hat, Carn 
_ T. Haypern, Curster M. Linatz, BE. P. McCrorxen, G. C. McFapprn, W.S. Moors, 
: C. C. Morrit, Tuomas Moszs, H. E. Noup, James W. Pav, Grorce 8. Ricz, 

J. D. Rogrrs, Ceci W. Smit, P. C. THomas, Jprome Waite, C. C, WuirTiEr. 
7 ; 


8 OFFICERS AND DIRECTORS 


Anthracite Coal Production 
E. H. Sunnprr, Chairman; R. H. Bucuanan, D. J. Carrot, 8. D. Divuicr, 
Epwarp Grirritu, J. C. Happocx, E. P. Humpurey, A. B. Jessup, J. Latimer 
Lez, R. V. Norris, Jr., Grorae Roos, H. M. Smyru, B. H. Stockett, ARTHUR 
Watpman, J. B. WARRINER. 


Evaluation of Coal for Blast-furnace Coke 


J. R. Campsent, Chairman; A. C. Fretpner, F. A. Jorpan, C. E. LAWwALt, C. E. 
LusHer, CLarence E. Meztssner, Joun B. Price, Harotp J. Rose, H. W. SEYLER, 
E. H. Suriver, W. T. THom, Jr., Howarp P. Zier. 


Uses of Coal 


W. H. Fuiweiter, Chairman; W. D. Barrineron, W. 8. BLavuvett, Joun B. 
Corrin, L. E. Gronnean, O. E. Kressuine, Henry Kreisinesr, E. H. LAwAtt, 
G. E. Lyman, Grorcr A. Orrox, J. D. Sister, D. P. Smrru, J. R. Van PEtt, JR., 
F. R. Wapieren, Samuen S. WreEr. y 


Coal Preparation 


J. B. Morrow, Chairman; ANDREWS ALLEN, Ray W. Arms, GrorcE HE. Bayuzs, 
Byron M. Birp, F. H. Buatcu, THomas M. Cuancz, JosepH Daniezs, G. R. 
DeamaterR, THomas Fraser, Ropert E. Hopart, D. R. Mircuepy, E. O’ Toor, 
R. E. Riegurmire, H. M. Szarcu, R. H. Saerwoop, Humpurey D. Smiru, Paun 
Srmriine, G. M. 8. Tart, Howarp J. Toomas, G. V. Woopy, H. F. Yancey. 


Machine and Strip Mining 


Evernt McAuuirre, Chairman; R. H. Auuport, 8. H. Asn, R. G. BAauGHMAN, 
S. W. BuaksLEexr, Epwarp Borromuiry, Harry Boy.s, A. F. Brosxy, F. E. BurcuEr, 
C. E. Dossin, CADWALLADER Evans, Jr., Epwarp Grarr, C. C. Hacensuca, H. F. 
Hesiey, Orro Herres, Jr., F. V. Hicks, Joan K. Hotmus, W. K. Kavanauas, 
F. 8. McConneti, W. S. Rauscn, C. F. Spencer, E. F, Stevens, 8. A. Tayor, 
R. Y. Wiurtiams, L. E. Youne. 


Safety 
Tuomas G. Fear, Chairman; J. T. Ryan, Vice-chairman; F. E. Bepaus, M. H. 
Fies, J. J. V. Forses, Dante, Harrineton, W. B. HiniHovse, J. M. JENNINGS, 
Joun E. Jonzs, R. M. Lamsim, G. 8. McCaa, C. McDowe 1, J. J. Ruttepes, F. J. 
Storrz, D. A. Srour, W. C. Srrarron, Tuomas D. THomas. 


Representing Division on Papers and Publications Committee 


R. Dawson Haut, Capwauuaper Evans, Jr., R. V. Norris, Jr., E. W. Parker, 
Haroup J. Rose. 


Representing Division on Coordination of Research Committee 
J. 8. Miuuer, G. St, J. Perrorr. 


Ventilation Problems at the World’s Largest Coal Mine 


By Henry F. Hesiey,* Curcaco, Iu. 
(New York Meeting, February, 1930) _ 


Tue New Orient mine, owned and operated by the Chicago, Wilming- 


- ton & Franklin Coal Co., has caused a great deal of comment and interest 


because of its unusual features and huge daily production. It is in 
Franklin County, Illinois, adjacent to the town of West Frankfort. 
The seam being mined is the Illinois No. 6 which in this locality is 9 to 
12 ft. thick and lies approximately 500 ft. below the surface. Without 
fear of contradiction, it can be said that this is one of the largest coal 


mines in the world from a daily production standpoint. During 1928, 


New Orient produced 2,400,000 tons, which amounts to over 10,000 tons 
each day the mine operated that year. The mine is built for a capacity 
of 12,000 tons but has actually hoisted over 15,000 tons in one 8-hr. 
shift. This enormous production can perhaps be better visualized if it 
is realized that each day’s operation depletes over two acres of coal. 

The general features of this mine have already been fully covered in 
a paper by George B. Harrington,! President of the Chicago, Wilmington 
& Franklin Coal Co. In a paper of the nature of Mr. Harrington’s, it 
was unnecessary to stress any particular phase of mining conditions, 
consequently the ventilation problems were touched upon but lightly. 


In this paper an attempt has been made to describe some of the problems 


which have been encountered in providing adequate ventilation for 
the mine. 


VENTILATING CONDITIONS 


The acreage allotted to New Orient mine has a length, north and 
south, of approximately 6 miles, and a width, east and west, of 2 to 4 
miles. A number of important considerations caused the hoist shaft, 
air shaft and surface plant to be located near the southeast corner of the 
property, instead of near the center, as is usual. During the initial 
phase of the mine development, the mine was ventilated through these 
shafts, although there was a full realization that at some future date 
other shafts would be required. 


td 


* Mechanical Engineer, Allen & Garcia Co. 
1G. B. Harrington: New Orient, an Unusual Coal Mine. Trans. A. I. M. E 
(1925) 72, 798. 
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Fig, 1.—PROpOSED METHOD OF VENTILATION, NEw OrtEnt MINE 
Working extended to July 1, 1928. 


Hlinois coal field. The wider north half of the property will probably 
be worked from three sets of parallel main entries. 


At present from each set of main entries, cross entries are driven at 


intervals and from these, in turn, room entries are driven. The panel 


; 
u 
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-room-and-pillar system is used, each panel being sealed immediately 


after mining has ended. 
_ The ventilating equipment originally installed at the mine had a 
rating as follows: | 


Fan, 12 ft. dia. by 5 ft. face, normally blowing emergency exhausting 
Motor, 500 hp. 

Normal capacity, 400,000 cu. ft. per min. 
Static pressure, 5 in. water gage 

Speed, 185 r.p.m. 

Brake horsepower, 420 

Mechanical efficiency, 75 per cent. 

’ Volumetric capacity, 382 per cent. 
Equivalent mine orifice to pass 400,000 cu. ft. per min. at 5 in. w. g., 71.4 sq. ft. 
Hoist shaft, two skip-hoist compartments on return air. 

Air shaft, semielliptical; two-man and material cage compartments on return air, 
and 130 sq. ft. area intake-air compartment 


A coal roof is left throughout the mine and only a moderate amount 
of timbering is required. 
Average entry dimensions affecting ventilation are: 


Clear area of main entries, approx. 12 by 8, sq. ft....... 95 
Clear area of main entries, developing, approx. 11 by 7 

Miele SU/ETG: eweeierle Mains sty iey, 202 wiv ike Stetaeeet aero Sis 83 
Perimeter o1main entries, i tito oe sate had aoa 2s ra ote 40 
Perimeter of main entries, developing, ft............... 36 
PAMELA AAU AID SPILLS. w.ccue she ne are oe ee. «0, Jere Sy © 3 
Total mine methane generation, cu. ft. per min......... 1100: to 1400 


VENTILATING PROBLEMS 


/ 


As development progressed from the time the mine was opened, the 
demand on the fan became heavier until in July, 1926, it was necessary 
to relieve the resultant air conditions. The fan, when tested at that 
time, was found to be working as follows: 


(apacibys Cus it, DOL Duala aes ks--akl teal clef «0 9's > ips ots 220,000 
Ptatio pressure, CHGS W. Baris. oe ee ee eee 4,23 
Sons gases: elias Pe sO Via Sh a hle stan 190 
rtlceRHOTSCD GIO hates «gases bis icles 6 Penni t fore «eas 228 
Mechanical efficiency, per cent............+.2cs sec ceeweees 50 
Volumetric capacity, per cent.............2cceecseeercoees 205 
Pquivalent mine orifice, sq. ft........-.-....- eee eee eee 48.6 


These results led to an investigation to ascertain whether it was the 
opportune time to drive the two additional air entries that had been 
contemplated and thus relieve the throttling action that was affecting 
the ventilating system. It was found that the air was carried 1800 ft. 
from the downcast-shaft air compartment to the main air split, through 
two entries with a combined area of 120 sq. ft. A throat of small area, 


eo 


peanieaiatelyy beyond the sharp right-angled turn at the bottom of the 
air shaft, also restricted the air flow. hbdaae 


Ss After the test it was felt that more cross-sectional area was required fe 
F and conditions were temporarily remedied by driving the two intake :; 
; entries mentioned (making a total of four) from the downcast shaft to 3 ¥. 
Fe the junction of the main north and main west entries. However, the — 


continual development of the mine after that time brought about a | 
condition in the latter part of 1928 that caused the ventilation again to 
become inadequate and inefficient. With a water gage of5in.,a volume 
of only 300,000 c.f.m. was entering the mine. 

When it is realized that 1600 men are employed see ae that ; 
the mine produces an enormous daily tonnage, that the main headings 
are lengthened by approximately 14 mile each year and that these entries 
will eventually be over 6 miles long, the necessity for broad and ample 
ventilation provisions over the life of the mine will be understood. It 
was felt that the time had arrived when the possibility of a new shaft, or 
shafts, should receive serious consideration, so with the object of provid- 
ing for the entire future life of the property a thorough study was made 
to find out the best and most economical methods whereby this could be 
accomplished. The first calculations quickly proved that in no practical 
way would it be possible to mine out the assigned acreage with a four- 
entry system, using only the existing hoist and air shafts. 

This fact established, the main problem resolved itself into two closely 
related questions: 

1. If a new shaft (or shafts) is necessary, where is the best location 
and should it have both Cora and downcast or be a single-compart- 
ment shaft? 

2. Is it possible or desirable to continue the present four-entry 
system on main headings, or would it be better to change to five, six, or 

‘more entries in all future development? 


ANALYSIS OF PROBLEMS 


Before attempting any detailed ventilation calculations, it was neces- 
sary to establish values for certain factors which are usually constant 
for the airway conditions in any one mine. A great deal of care was 
used in determining the friction factor K, as this had a material influence 
on the calculations, especially where it was realized that the old estab- 
lished factor given by various authorities differed by as much as several 
hundred per cent. It was decided to base the calculations on a factor 
determined by actual mine conditions; this was carried out using the 
fundamental formula: 


KSV? RSVver. 
P= aay eae lb. per sq. ft. = 524 iD water gage, 
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_ where P = drop in pressure in inches of water, | 


K = friction factor, 
S = rubbing surface in square feet, 
_ V = velocity in feet per minute, 
A = cross-sectional area of air course in square feet. 


SV? , ; ; 
The factor As for various sections of the air course, based on 


readings and dimensions taken in the mine, is as follows: 


Shaft PERMA pote \cb Pe Las gussa: ek sce oys top e Reger SRA eee Oe Bae eee 2,075,000,000 
ING RERTEN EIS ie Gort BIO o 4,0 9 OE SIS RO ae ee 698,000,000 
Miaininorths VUWes Wieran amieniieatenidcncsres ates vers 1,042:000,000 
SNES Ble eu Bialctia SPU Gigi Sic nar aI SNe ae ae ey Sa peers = 724,000,000 
1) DA eee ached auc. 8 cacanicy Gacaci rhage AIA GRRL Ae ae 117,500,000 
Sih ee Bat PUG oinaa eck De Rly Se Rat Ee okt as Line ee 332,000,000 
(OOOO ake RES SAAR MOS OER RLERO Reco eee Pe 50,000,000 
CWHOD eee th tosh eee ha # AE suhek hee, 127,200,000 
OT W ite a kot ERsflanse ln ae bieah eh josie bac pkIted > 14,100,000 
CUNT Bie acne se; coo SIS ARCO HIE OSA ae TR Ee See oe 17,300,000 
Development of entries; 4:.5.c.5.00001 de aside oe pees ss 7,830,000 
Development oientries; 25), gc asta. satan ont ear 42,100,000 
2 ; . doe 
Total a = 5,247,000,000 
Daas y*) : 5.2P 
— 5.2 x A from which Ik = (SV2/A) 
As the water gage registered was 5.0 in., 
5.2 X 5.0 26.0 
K = 0.000,000,00496 = 


~ 5,247,000,000 — 5,247,000,000 
49.6 X 10-° = friction factor. 
Value assumed = 50 X 107" in main entries. 
For smooth-lined shafts, the friction factor K was taken as 27 X 107"°. 
The value of K is in close accordance with recent values determined 
by experiment by investigators of the U. 8. Bureau of Mines,” and the 
University of Illinois Engineering Experiment Station.’ 
After determining the basic constant factors, several charts and tables 
were made, similar to Fig. 2, which covered all possible air quantities 
entering into the problem and considerably shortened the onerous mathe- 
matical work attached to each of the numerous cases worked out. 

The results of the calculations are plotted on the ventilation diagram, 
Fig. 3. On this chart the ordinates represent the mine resistance in 
inches water gage, and the abscissas represent time intervals in years. 
Six critical periods are shown, at each of which conditions have changed 
from the preceding period because of the projected progress and extension 
of the mine workings. During these years the mine workings are 


2U.S. Bur. Mines Bull. 285 and 261. 
3 Univ. Ill. Eng. Expt. Sta. Bulls. 158, 170, 184, 199. 
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average change, although this is only 


Seat lees ae ven me 
- straight lines have been drawn between i 


description of the mine conditions at eac fo 
1929.—Initial conditions: fan delivery, only 10, cu. ft. 
at 5 in. water gage; four-entry system; three air sp plits, main. ) 
tory, main northwest territory, and separate split to southw: 
1930.—New air shaft sunk and eonnee mine wor! Kk 
as above. 
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Resistance per 1000 Ft.of Entry in Inches Water Gage 


Baas wae 
Qo CESARE CHESHAM H 
1 2 3 5 
Number of Entries, Air Going One Way Only 


Fic. 2.—MAIn ENTRY RESISTANCE PER 1000 FT. AT VARYING QUANTITIES OF AIR. 
Number of entries refers to either intake only or exhaust only. " 
Area of each entry, 95 sq. ft.; perimeter, 40 ft.; value of K, 50 X 1071. 


1931.—Main northwest entries connected to new shaft. 

1932.—Second main west driven and connected to workings on 
main northwest. . 

1933.—Territory on southwest split finished, room territory con- 
centrated on main north and main northwest, but all room territory 
south of new air shaft and second main west. In the five years between 
1933 and 1938, the mine workings gradually pass north of the second 
main west. 

1938.—All working territory north of new air shaft and second main 
west. An alternate case is also considered where the northwest territory 
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is worked at a slower rate to offset the higher resistance of this section 


and permit a more or less natural air split. 


1942.—Entries assumed connected to one or both of the shafts at 
the Benton mines. Either two or three-way development of workings 
in north half of acreage. : 

The remaining life of the mine will not introduce any further impor- 
tant changes. 


SHarr Location 


The results of the calculations which are illustrated by the ventilation 
diagram, Fig. 3, showed that one of the new air shafts was necessary 
immediately, regardless of any possible practical combination and number 
of main entries. This point decided, the best location was next con- 
sidered. With due regard for the future development of the mine, as 
well as best ventilation and power conditions, the shaft was tentatively 
located at different points and the resistance of the mine figured for 
various years as development proceeded. 

It became apparent after a number of trials that it should be located 
in the middle of the property somewhere along the course of the projected 
main east or second main west entries. Entering into the calculations 
for each location was the fact that the mine might be worked in three 
directions after reaching the center of the property or possibly in only 
two directions for a period of time; also, that the air shaft at old Benton 
No. 2 might not be usable. 

After repeated trials, it was found that locating the shaft at the 
junction of the main north and second main west would give the speediest 
relief to the mine’s ventilating conditions, provided that either the 
eleventh, thirteenth or fifteenth west-north cross entries were driven 
through to the main northwest by the time the new air shaft was com- 
pleted, inasmuch as the main northwest entries would control the mine 
resistance, because of the much longer course of air travel. This also 
had an advantage in that the main north entries could be driven to the 
shaft site in about the time necessary to sink this shaft. However, a 
location at the junction of the main northwest and second main west 
would give better results for a considerable time, especially if a two-way 
development was to be undertaken in the north half of the acreage. 
The location for the first shaft was finally chosen at the junction of the 
main east and main north headings, as shown on Fig. 1, because of 
the numerous advantages of this site as shown by the calculations, the 
results of which are diagrammatically illustrated on Fig. 3. 

Closely interrelated to all of the problems concerning the location 
of the shaft was the question of its design. Due consideration of the 
air flow and resistance eventually led to the conclusion that both an upcast 
and downcast were desirable, whether included in one or two shafts. 
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‘Designs and estimates of the various types of shafts were then ae ’ = : 
consisting of rectangular wooden double-compartment, rectangular — ~ 


wooden single-compartment, concrete elliptical types with and without 
partitions and circular concrete shafts. 

Taking into account the estimated cost, the fire jaca the fact that — 
if two separate shafts were adopted, expenditure of the second one could — 
be deferred three or four years and that the location of the second shaft — 
could be modified to give the most advantageous arrangement for 
connection to the mine airways, two circular concrete shafts were adopted. 
The circular cross-section of this type of structure Bees keeps the rubbing 
surface down to a minimum. 


EcoNoMICAL SHAFT DESIGN 


The various questions influencing the dimensions of a shaft, or shafts, 
of economic design were studied at length and calculations were made 
giving due consideration to all the factors affecting the proportions of 
the structure. Computations of the estimated capital expenditure were 
carried out for shafts of various cross-sectional areas, together with 
calculations showing the corresponding influence on the annual power cost. 

Assuming a life of 20 years for the shaft, interest on investment at 
7 per cent., and power at 1.5 c. per kw-hr., the total investment was 
capitalized and, with due allowance for depreciation, the figure was 
brought down to a present-worth value. The operating costs, consisting 
mainly of power, as it was assumed that the superintendence, oil, waste, 
etc. would be the same in all cases, were considered as applicable only 
during the life of the shaft; namely, 20 years. Consequently, after 
obtaining the capitalized value of the annual operating cost, the present 
worth of this capitalized value was deducted from it, thus giving the 
equity. The sum of the present worth of the capitalized investment 
cost and the equity, brought to an annual basis, gave the annual total cost. 

These amounts calculated for shafts of various cross-sections gave 
the requisite figures from which were plotted as ordinates points on the 
curve shown on Fig. 4. The abscissas consisted of shaft cross-sec- 
tional area. A study of this curve shows a diminution in total annual 
cost with the increase of shaft area until 158 sq. ft. is reached; there- 
after, the cost becomes greater with any further enlargement in cross- 
sectional area. Two standard diameters have been marked on the curve 
and as the smaller or 14-ft. diameter gave the more economical area, it 
was adopted. 

Drawings of the shaft are shown on Figs. 5 to 8 which illustrate clearly 
the method of construction. For safety,-it was deemed advisable to 
have an emergency means of egress at the new shaft, but on account of 
the circular shape of the shaft, the cost of a stairway and other pertinent 
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_ reasons, it was thought best to provide an emergency man-cage running 


on rope or wood guides. Normally, the cage would be swung clear of 
the shaft by means of a headframe similar to a stiff-leg derrick, but 
when necessary the cage would be quickly brought into position and 
lowered in the shaft. 
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CROSS-SECTIONAL AREA OF SHAFT IN SQ.FT. 
Fic. 4.— Most ECONOMICAL CROSS-SECTION FOR AIR SHAFT. 


Fig. 9 illustrates the layout of the mine at the bottom of the first 
of the new air shafts and shows the connections of the airways to it. 
The main north entries have been designated main north A, B, C, D, 
E and F, of which A and B are haulage and the remainder are air courses. 
For the present this new air shaft willbe used as anupcast. The air deliv- 
ered by the present fan will have a volume in the neighborhood of 400,000 
cu. ft. per min. and air will be discharged from both this new shaft and 
the present main shaft. Connection was made between the shaft and 
the workings on Jan. 11, 1930, and based on readings taken on Feb. 4, 
1930, the percentages of air in the various shafts were as follows: 

Cu. Fr, pmr Min. 
Volume of airin downcast airshaft..77.....3.....0.00c0 ces 297,000 


Volume of return air in main shaft...... 2.2.6.0... .. ee eee 195,000 
Volume of return air in the new air shaft................... 105,000 
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OLES FOR NEW AIR SHAFT, New Orient MINE. 
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Fia. 6.—LocATION SKETCH AND TYPICAL SECTION OF NEW AIR SHAFT, NEw OriENT Mine. 
Cross-section area of shaft is 154 square feet. 


lengthening entries, the volume having decreased from 300,000 cu. ft. 
per min. at 5-in. water gage at the end of 1928 to 260,000 cu. ft. per min. 
at 5-in. water gage by the end of 1929. This relief has been tempered, 
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__ however, because only two entries have been connected at present and 


the resistance is still high. As the workings progress toward the north 


_ the volume of-return air discharged from the new upcast shaft will 


increase, and when the second or downcast shaft is sunk, fresh air may — 


BL easily be maintained on the haulage. It may be advisable, however, 
_ to continue the method in effect at present and keep the haulage on the 


return airways. If so, the air flow would have to be reversed and the 
new air shaft just completed would be changed to a downcast shaft. 
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Fia. 8.—SECTION B-B, NEW AIR SHAFT, NEw Orient MINE. 


The exact location for the second new air shaft, whether it be down- 
cast or upcast, will be determined only after giving full consideration 
to the flow of air, the number of overcasts required and the ease with 
which connection can be made to the existing workings. 

In order to insure immediate connection between the entries and the 
shaft as soon as the latter was completed, it was necessary to drive the 
entries northward on the main north as fast as possible. This was 
facilitated by the use of two McKinley entry drivers. These machines, 
driving as much as 1350 ft. per month, or an average of 26 ft. per shift, 
completed two entries in approximately the same time that was used for 
shaft sinking. 
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DISCUSSION — 


Main Entry ConsIpDERATIONS 


Referring to Fig. 3, the calculations show that it is possible to continue 
the four-entry system provided a three-way development is undertaken 


in the north half of the acreage. However, the water gage is consistently 


__ high and there is not much variation possible in the layout of the workings. 


On the other hand, by driving all new main headings inbye the present 


- room territory on a six-entry system, it is possible to maintain a low 


water gage throughout the life of the mine, with the consequent saving 
in power cost. With this system, it is practical to arrange the workings 
in a number of ways not possible with four entries. Furthermore, a 
relatively low water gage can be maintained even if the shaft at Benton 


No. 1 mine is not available. 


Against this system must be considered the loss of a certain amount 
of room coal tonnage to the additional two entries. If it were assumed 
that entry coal is mined out at cost (no profit), it is interesting to note 
that this profit is not entirely lost for, disregarding all other advantages, 


part of this profit is regained by lower power costs due to the addi- 


tional entries. 
SUMMARY 


Summarizing the analysis of conditions at New Orient mine, it was 
found that with the desired total volume of 400,000 cu. ft. per min., it 
was advisable to change from the present four-entry system to six- 
entry headings in all development work, in order to attain the best 
ventilation conditions and lowest power costs. It was also deemed 
advantageous to sink a new air shaft immediately to relieve the present 
conditions and to make the best provision for the future. 


DISCUSSION 


W. R. Cuepsey, State College, Pa., congratulated Mr. Hebley on the paper and 
said that some other large companies apparently had failed to go into their ventilation 
problems as thoroughly as the New Orient management had done. 


A. C. CaLuen, Urbana, Il., asked how the value of K was derived. 
Mr. Hesiey stated that data taken by the mine engineering staff were used. 


E. A. Horsroox, Pittsburgh, Pa., expressed interest in the use of a circular shaft 
and wondered if many existing rectangular shafts could profitably be converted into 


‘circular or elliptical ones. Mr. Hebley was doubtful about this, stating that sinking 


conditions were easy at New Orient and favorable to the form work required for a 
circular shaft. 

C. Evans, Jr., Scranton, Pa., asked if consideration had been given to skin friction 
underground. 

Mr. Hestey pointed out that the McKinley entry driver gives a favorably shaped 
and fairly smooth entry. Old entries were cleaned and trimmed up and but little 
timbering was required. 
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off like the shaft bottom bends. 


C. Evans, JR., ed if ae 


Mr. Hxsuey answered that they are going to use vanes i ane th 
wood mine in Pennsylvania. - 


R. D. Hatt, New York, N. Y., inquired, in this Sophachinng feats floor 
bottom, as well as the roof, should not be rounded off. 


Mr. Hzstey stated that that is the intention at New Orient. ae 
D. Harrineton, Washington, D. C., on inquiry, was informed that the dista e 
between the present and the new shafts is about 3 miles. side = 


Mr. Harrincron said that in some work done with three models in a 150-ft. raise _ 
at Butte, Mont., one of which was rectangular with timbers, another rectangular but 
smooth-lined and the third circular and smooth-lined, it was found that the smooth- 
lined rectangular model delivered about twice as much air as the timbered one, while 
the circular model gave 3144 times as much. 


T. D. Tuomas, Lansfoni, Pa. (written discussion).—Mr. Hobley determined the 
value for the coefficient of friction (K) for smooth-lined shafts, which he states is in ; 
close accordance with other tests as conducted by the U. S. Bureau of Mines andthe 
University of Illinois Engineering Experiment Station. In Bureau of Mines Bulletin 
261, ‘‘Resistance of Metal-mine Airways,” by G. W. McElroy and A. S. Richardson, 
the same subject is very well discussed with a detailed account of all tests made. 

The data, as presented, should be of permanent interest to mining engineers, but 
the value of the coefficient of friction as determined for the New Orient mine is not 
applicable to all bituminous mines. 

On page 15, location of shaft is very important. . It would be of interest from an 
engineering standpoint to know just what the conditions were that determined the 
location of the shafts in the remote southeast portion of the field. 

In Fig. 1, Benton No. 1 mine and Benton No. 2 mine are shown as robbed com- 
pletely. In case the New Orient mine owners also owned the Benton field, why was © 
this territory abandoned rather than maintain that section so that a connection of the 
Main North entries could be made, thus utilizing the Benton No. 1 and No. 2 shafts 
to relieve the high pressure on the air as encountered in 1929? It seems to me that 
much use might have been made of the Benton No. 1 and No. 2 shafts in ventilating 
the northern section of the territory by placing an exhaust (primarily) fanon the new | 
shaft near the center of the field. ‘ 

In the Pennsylvania Mine Code, electric haulage is prohibited on return airways, | 
which in my opinion is a good safety measure. I observe that the haulage way in 
New Orient is also used as a return airway, which in gaseous mines is not recommended. #4 


Coal-mining Operations in the Sydney Coal Field 


By Avex. L. Hay,* Guace Bay, N. S. 


(New York Meeting, February, 1929) 


Tue Sydney coal field, the largest and most valuable in Nova Scotia, 
is situated on the northeastern coast of the Island of Cape Breton, 
extending from Mira Bay on the south to Cape Dauphin on the north, a 
distance of 30 miles, and has a general dip northeast under the sea. 
(Fig. 1.) The field embraces the mining villages of Morien, Birchgrove 
and Reserve and the towns of Dominion, Glace Bay, Waterford and 
Sydney Mines. The city of Sydney is situated about midway between 
the northern and southern extremities of the field and on the western 
fringe of the productive coal measures. 

Sydney harbor crosses the coal field, cutting off direct rail connection 
between Sydney Mines and the greater part of the field to the southeast. 
(Fig. 2.) The coal measures are exposed in the cliffs on the coast line, 
which rise to an average height of 30 ft., and are almost continuous 
throughout the length of the field. 

The portion of the coal field under land forms a small segment of a 
circle, the greatest distance from the coast landwards is 9 miles, and it 
occupies an area of 200 sq. miles. The greatest distance developed 
seawards from the shore by mining operations is 214 miles. The strata 
maintain a regularity of dip at this distance, proving a submarine area 
of about 70 sq. miles. How much further the coal field extends seawards 
is unknown, but the indications are that it extends far beyond the present 
economical working limit and in all probability there is a vast submarine 
coal field. 

The productive coal measures are of Carboniferous age, these being 
underlain by beds of sandstone, locally classed as millstone grit, which 
define the southern limit of the field, while a spur of syenitic hills cuts 
off the coal-bearing strata on the north. Two main anticlinal folds 
having a general course easterly divide the field into three basins named 
from north to south: Sydney Mines-Lingan, Glace Bay and Morien. 

So far as the portion of the coal field already developed is concerned 
the general effect of these folds is to vary the direction and dip of the 
strata at different points of the several basins. The strata dip seawards 
at the average rate of 6 per cent. along the axes of the basins. On both 
sides of the several basins, the strata have a dip varying from 7 to 40 


* Assistant Mining Engineer, Dominion Coal Co., Limited. 
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so that the overburden of solid measures increases at the 


rate of 4 per cent. 


Py } 


per cent 


With one exception all the seams now being worked give off gas, but 


they cannot be termed highly gaseous. 
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+ 


The seams in the various basins in the Treen tne order Sanh 


+ 


Morten Basin Guacz Bay Basin Linaan Basin ae Minzs ‘Baske * 


Cranberry Hd. 3’ 7” 


Strata— 250’ 


Lloyd Cove 3" gt 


tx Strata— 270’ — 
Hub 4' 7” Barrasois 5’ 0” Chapel Pt. ee 


Strata—375’ Strata— 380’ Strata— 320’ 
Blockhouse 8’ 0” Harbor 5’ 8” Victoria’ - 6'6” Main Seam - 4/10” 
Strata— 570’ Strata— 250’ Strata— 235/ Strata— 430’ 
Gowrie 5’0” Boutilier 3’ 9’ Fairyhouse 3’ 0” Indian Cove Sale 
Strata— 210’ Strata— 90’ Strata— De Strata— 215’ | 
Spencer 3’ 6” Backpit 3’0” Northern Head 4’ 0” Collins 3’ 0’ 
Strata— 340’ Strata— 112’ Strata— Tah 
Long Beach 3’0” Phalen 7’ 0” Lingan BG 
Strata— 650’ Strata— 130’ Strata— 900’ — 
Coal Brook 3’ 6’ Emery 3/6” Mullins 5°10" 
Strata— 600’ Strata— 425’ 
Tracey 5’ 0” Gardiner 4’ 3” 

Strata— 475’ 

Mullins 4’ 6” 


Strata—1600’? 
Tracey 5/0’? 


The Blockhouse seam in the Morien basin is correlated with the 
Harbor, Victoria or Main seam of the Glace Bay and Lingan-Sydney 
Mines basins, respectively. The continuity of the other seams at 
workable thicknesses is not as persistent throughout the three basins 
as is the case of the seam mentioned. 

Practically the whole of the known Sydney coal field is under lease 
to the Dominion Coal Co., Ltd., and Nova Scotia Steel & Coal Co., Ltd., 
there being only two or ‘thyne. independent companies onion on a 
small seale in the Sydney Mines district. 

The coal is bituminous. It is of a weak and friable nature and 
because of this presents difficulties in transportation and handling. The 
seams of quality suitable for metallurgical purposes are the Main or 
Victoria seam and Lingan seam, in the Lingan-Sydney Mines Basin, also 
the Harbor, Phalen and Emery in the Glace Bay basin. In the latter 
basin, the sulfur and ash content increases progressively in all the seams 
east of the anticline, which separates the Glace Bay and Lingan-Sydney 
Mines basins, about 30 per cent. of the proved area in this basin being 
suitable for metallurgical purposes. The coals of the seams worked 


at present coke readily, the Phalen seam giving the Pes results in. 


this respect, 

The roof overlying the working areas is for the most part a weak 
shale, its weakness becoming more evident as the mines are developed 
seawards under greater cover. The roof over the Gardiner and Emery 
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seams, in limited areas ‘of the Glace Bay basin, consists of sandstone. 
The floor ranges from soft fireclay to hard shale. The strata of the 


productive measures in the Glace Bay basin consist of the following: 
Coal, 2 per cent.; shales, 60 per cent.; fireclay, 15 per cent.; sandstone, 
23 per cent. The field is remarkably free from strata dislocations or 
“wants,” although in the vicinity of the anticlines there are irregular 
dips and rolls. 


HIsToRyY 


Coal was first mined in the Sydney coal field by the French military 
authorities in the year 1720, an opening being made on the Blockhouse 
seam in the Morien basin. For the next 100 years crop mining was 
carried on in a small way in various parts of the field. In the year 
1825, the General Mining Association was formed and, two years later, 
an effort made towards systematic mining in the Sydney Mines-Lingan 
basin. The Crown in 1849 conveyed its interest in the minerals of the 
Province to the Government of Nova Scotia. In 1857, the General 
Mining Association which till then had held under sublease all the 
mineral areas of the Province, surrendered, in consideration of certain 
concessions and privileges, its holdings to the Government of Nova 
Scotia, reserving, however, for its own operation certain areas in Cumber- 
land, Pictou and Cape Breton counties, totaling 30 sq. miles. Shortly 


_ afterwards several mining companies were formed and mines were 


opened up in the Glace Bay district. In the year 1893 seven of the 


- then eight operating companies were consolidated to form the Dominion 


Coal Co., Ltd. The General Mining Association, however, continued 
independent operations at Sydney Mines. In 1901 this company sold 
out to the Nova Scotia Steel & Coal Co., the latter merging with the 
Dominion Coal Co., and others of allied interests, to form the British 
Empire Steel Corpn., Ltd., in 1921. 

The output from the Sydney coal field approximates 21,000 tons per 
day. At the present time the Sydney Mines-Lingan basin contributes 
35 per cent., the Morien basin 4 per cent. of the total output. The 
balance of the output—61 per cent.—is mined from the Glace Bay 
basin. 

Owing to submarine conditions it is not possible to determine accur- 
ately the tonnage recoverable from this field. Already approximately 
140,000,000 tons have been extracted and it is estimated that the tonnage 
of economically recoverable coal still available within proved areas, and 
of a quality equal to that being mined at the present time, exceeds 
1,000,000,000 tons, and that the recoverable coal within the limits of 
five miles seawards from the shore is approximately 2,500,000,000 tons, 
or sufficient to last for 600 years at the present rate of production, 
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The Phalen seam, which is 7 ft. in height, is the most im im] portant 

in the field and has been extensively worked. The land area, of 

seam—I15 sq. miles—is practically exhausted. The submarine ai 

worked over to date is 12 sq. miles. Assuming a working limit 3 miles” 

seawards from the shore, there remains over 30 sq. miles yet to be eed. - 
There are six operating collieries on the seam, Nos. 1B, 2, 4, 5, 16 and 22. — 


All these collieries are shown on the plan, except No: 22, which isin 


the Morien basin. 

No. 5 colliery has been operating since 1872 and has produced 
12,500,000 tons since that year. It is nearing exhaustion now. The 
other mines have a combined daily output of 11,000 tons. The oldest 
colliery in the field and also the latest mine opened are both operating on — 
this seam, the former No. 4 or Caledonia and the latter No. 1B. 

Caledonia mine was opened in 1866 and has worked continuously 
since. Output records prior to 1894 are not available, however it is 
estimated that 2,500,000 tons were extracted previous to that year. 
Since then the mine has produced 13,170,000 long tons. Its present 
daily production is 2000 tons and it is estimated that another 10,000,000 
tons will be mined from the Phalen seam at this colliery. The maximum 
cover under which coal is being extracted is 1300 ft. The greatest 
distance from the shaft bottom to the working face is 3.6 miles. Men 
are transported by means of riding rakes a distance of 2 miles. The 
main haulage, which is of the endless type, is 3 miles long, 2 miles of this 
being under the sea. 


Dominion No. 1B Colliery 


No. 1B Colliery, as already mentioned, is the latest colliery in the 
field. It was opened in June, 1924, and was constructed and equipped 
to win a large area of submarine coal which was made available when the 
Nova Scotia Steel & Coal Co. merged with the Dominion Coal Co., 
forming a part of the merger known as the British Empire Steel Corpn. 
The following description is culled from a paper prepared by the writer 
two years ago, for the Engineering Institute of Canada: 

In 1893 a shaft was sunk at Dominion No. 1. Seven years later 
another shaft was sunk at what is now known as Dominion No. 2. The 
object of these two shafts was to afford entrance to win all the coal held 
under lease by the Dominion Coal Co. in this section of the field. All 
coal to the dip of the barrier was allocated to Dominion No. 2 and the 
remainder to Dominion No. 1. 

In 1914, considerable difficulty began to be experienced in maintaining 
satisfactory ventilation. This condition had developed gradually, but 
as the airways became lengthened, the difficulty was accentuated. 
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Increasing the ventilating pressure would have resulted in very heavy 


leakage losses, without improving the ventilation to any appreciable 


extent. The cost of opening up these airways and building concrete 
stoppings was considered prohibitive. 
The distance a miner was compelled to walk from the shaft to his 


working face was in some cases upwards of 2 miles. When it is remem- 
-bered that a miner’s work is usually strenuous, it can be seen that 


the time and energy expended in walking 4 or 5 miles a day underground 
was unprofitable to both the miner and the company. The roadways in 
years gone by had not always been developed with the end in view of 
ultimately making them haulageways for the transportation of men, 
with the result that a very heavy expenditure would have had to be made 
if these roadways were to be built at this late date. 

Another point that. was being given serious study at this time was 
the desirability of establishing an additional escapeway from No. 2 col- 
liery against the possibility of a disaster, such as a fire or explosion. At 
that time there were three entries into No. 2 mine. One of these 
entries was via No. 5 colliery. As this latter colliery was gradually 
reaching the point of exhaustion, it was deemed advisable to provide 
another escapeway. 

With these objects in view—improving the Pinion of No. 1 mine, 
reducing to a minimum the length of walk for the miner of No. 1 colliery, 
and providing an additional escapeway for the miners of No. 2—it was 
decided to sink a shaft to No. 1 mine as close to the working face as 
possible and build a branch line from the Sydney & Louisburg Railway 
for the transportation of men on the surface. 

It will be seen from Fig. 3 that the seam had been worked out entirely 
under the land and also for a very considerable area under the sea. The 
narrow strip which formed the boundary between Dominion Nos. 1 and 
2 collieries still remained intact and afforded the only suitable site for a 
shaft. This explains why the shafts are located within 55 yd. of the sea 
cliff, which has an average erosion of 8 in. a year. Protection against 
erosion is afforded by dumping refuse from the pits along the cliff side, a 


. railway track being laid parallel to the cliff for this purpose. 


A circular shaft was sunk and completed as a man shaft and return 
airway in 1921. The shaft was 670 ft. deep and 12 ft. dia. It was lined 
with brick for a distance of 213 ft. from the surface and below this point 
was lined with concrete. For a time the shaft was wet, owing to 
seepage of sea water. Holes were therefore drilled through the concrete 
lining and cement grout pumped in under pressure. This practically 
eliminated the leakage and the shaft today is dry. 

The long haul necessary to win the coal from the outward limits of 
the Dominion Coal Co.’s area to Dominion No. 1 shaft was adding very 
considerably to production costs. On the other hand, the limited ton- 
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nage available from this area would not justify the cost of sinking a coal 
shaft and erecting a new surface plant. The economical mining limit 
for this mine was being approached rapidly when the merger resulting 
in the British Empire Steel Corpn., Ltd., was consummated. This 
completely changed the aspect of things, since it gave access to a large 
area of coal held under lease by the Nova Scotia Steel & Coal Co., sea- 
wards of the Dominion Coal Co.’s leasehold (see Fig. 3). Under these 
circumstances it was considered advisable to sink a coal shaft near the 
air shaft, which was the only possible site. The advantages of such a 
decision are obvious: the length of haul would be reduced nearly 2 miles, 
maintenance of compressed air line and main airways would be reduced 
by a similar distance, a modern and more economical screening and 
surface plant could be erected and production could be doubled. 


Coal Shaft 


The coal shaft was located on July 30, 1921, and sinking operations 
commenced the following month. As already stated the location was 
restricted to certain narrow limits, which hampered the layout to some 
extent both on the surface and underground, but particularly under- 
ground. Since the life of this colliery is estimated at upwards of 100 
years, it was judged to be true economy to give every structure the 
character of permanence and this was the dominant note throughout. 

The shaft is 670 ft. deep and 31 ft. 2 in. by 13 ft. 4 in. in the clear. 
The shaft collar is of concrete and extends 32 ft. from the surface. Below 
this point the shaft is timbered with 8 by 10-in. buntons and wall plates, 
and 6 by 10-in. posts, placed at 6-ft. intervals, sheathed skin-tight, with 
3-in. pine lagging. At 36-ft. intervals an additional set of timbers was 
put in, hitched into the shaft wall for additional support. The shaft 
timbers are mortised in such a manner that all are interlocked, obviating 
the use of nails or spikes. All the timber used in the shaft has been 
treated with creosote. A shaft ring about 230 ft. from the surface drains 
the water off the shaft into a pipe and the shaft is comparatively dry. 

There are three compartments to the shaft. Two of these, each 
11 ft. 31% in. by 12 ft., are used for hoisting coal and are fitted with 
double steel guides of 85-lb. rail section. The third compartment, 6 ft. 
3 in. by 12 ft., is used as a pipeway. At the present time there is one 
12-in. air line, one 14-in. cast iron water discharge column and a 3-in. 
water-supply pipe in this compartment. 

There is a rock tunnel, 5 by 8 ft., driven from the north end of the 
shaft at a point 34 ft. below the surface to the face of the cliff. The 
mine water, 1250 g.p.m., is discharged through the 14-in. shaft column 
to this drift, whence it flows into the sea at a point 9 ft. above mean 


sea level. 
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At the west side of the shaft and at a point 112 ft. above the shaft 
bottom an opening 8 by 15 ft. was made into the Back Pit seam. Con- 
nection is made through a tunnel having an inclination of 55° with the 
workings of No. 1B. This serves as a return airway for the colliery. 


Shaft Bottom 


At the site of the shaft, workings had already been developed without 
regard to the requirements of a new mine. Consequently in the layout 
of the pit bottom, the roads in existence had to be utilized whether of 


Fie. 4.—Aprroacn To sHart, No. 2 COLLIERY. 


suitable grade or not. This necessitated very heavy rock grading. The 
amount of rock blasted to meet the requirements of standage exceeded 
8000 cu. yd. The pillars in the vicinity of the shaft were very small and 
the rock blasted from the roadways for height and grade was used to 
fill the open spaces, thus reenforcing the coal pillars and arresting the 
process of coal pillar disintegration. 

Due to the fact that the shaft was sunk close to the workings of 
No. 2 colliery, where all the coal had been extracted, there was a possi- 
bility of a movement of the overlying strata in the vicinity of the shaft. 
Any such movement would prove disastrous to the colliery, consequently 
special precautions were taken to prevent this. For this reason the 
approach to the shaft, for a distance of 48 ft. on either side, was secured 
by fabricated steel sets, roof, floor and side members being tied together. 
The roof members vary from 17 to 23 ft. in length and are 18 in. in 
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depth, with flanges of 1114 in. The floor members are 12-in. I-beams, 


with 5)4-in. flanges. The vertical members are 8-in. I-beams, except 


in the immediate vicinity of the shaft, where 10-in. H-beams are used. 
(See Fig. 4.) Concrete walls were erected along the sides of the opening, 
into which the vertical steel supports were bedded and concrete filling 
arched between the roof members. To give further support concrete 
walls were carried for a distance of 600 ft. from the shaft. These walls 
vary from 12 to 15 in. in thickness, depending on the roof members 
they carry and on the condition of the pillars contiguous to them. The 
roof throughout the roadways of the pit bottom standage is supported 
by 10-in. steel H-beams of Bethelehem section. The walls of the empty 
and full roads inbye the point where the concrete walls were built were 
lined with rock from the excavation of the road and the nearby venti- 
lation tunnel, and were given a face of gunite. The main objects here 
were the preservation of the coal pillars and the prevention of the form- 
ing of coal dust from the crumbling of the ribs, the coal itself being 
quite friable. 


MovEeMENT oF OvuTPuUT 


By referring to Fig. 5, the movement of the output may be readily 
understood. ‘Trips of 50 or more cars, of 2 tons capacity, are hauled by 
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Fig. 5.—Puan or No. 1B pit sorrom. 


trolley locomotives through the main turnout A to the standage AB. 
The gradient of this standage is 99 per cent., favoring the load. The 
locomotive uncouples at B and runs through the runaround track. 

The trip is spragged and moves slowly to point C, where a motor- 
driven creeper chain engages the car axle and hauls the car to an elevation 
which permits a gravity run to the shaft bottom. One man is employed 
at B to uncouple the cars and operate the chain. At C there is an auto- 
matic switching device, which operates to throw the switch points after 
the passage of two cars. At D two automatic switches throw the points 
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alternately. In this way cars are fed to the shaft bottom on four 
tracks. 

Near the shaft the cars are held by a car stop, which is operated by 
the seating of the descending coal cage. As soon as the cage comes to 
rest, stops in the cage itself are released and at the same time the car 
chocks in the full road are thrown open. The cars next to the cage, 
brought to rest on a 3 per cent. grade, move forward by gravity and 


bump the empties off the cage. The entry of the full cars throws the © 


pit bottom and cage chocks into service. This automatic caging arrange- 
ment is known as the Nolan cager. Two cars are caged side by side 
simultaneously and similarly two empties are pushed out on the 
empty tracks. 

By means of a very simple automatic chocking device the cars are 
regulated to a single track. One car has a clear track to the empty 
standage, while the second car is retarded by a chock 8}¢ ft. from the 
shaft. When the first car has travelled 30 ft., the wheel of the car 
engages with the lever arm of the retarder and releases the second car 
(Fig. 4). 

The cars run by gravity to point H. At this point a creeper chain, 
similar to one on the full road, engages the car axle and hauls the car to 
an elevation sufficient to deliver it to the level empty standage. The 
cars are coupled at this point and a motor-driven pusher pushes the trip 
forward. The locomotive picks up the trip at A and hauls it to the 
inside workings. 

The question of skip hoisting was investigated but because more 
than one seam of varying qualities will eventually be worked concur- 
rently, it was deemed advisable to adopt a system of hoisting whereby 
coals from the different seams might be kept separate. 

There is a locomotive repair shop close to the pit bottom which has 
two stalls with pits and is equipped with a crane. Here repairs can be 
readily effected. ; 

The grades throughout, in the vicinity of the pit bottom, are designed 

to take care of a constant stream of cars, that is to say, between the full 
and empty creeper chains the grades are sufficiently great to permit a 
box to start readily from rest and move forward its own length only and 
this without excessive jar or shock. If there is any delay in delivering 
coal from the mine to the pit bottom and hoisting is continued until all 
cars are removed between the two creeper chains, it is evident that 
cars released at the full creeper chain knuckle will acquire a very con- 
siderable momentum before reaching the shaft. 
As designed, three men are sufficient to handle 2500 tons in 8 hr.. that 
is, one man uncoupling and running the full road creeper, the motor for 
this having a remote control, one man signalling the shaft hoist and one 
man coupling the empties and operating the empty creeper. 


: 
F 


ALEX iL.a HAY: 39 


PumPiInG 


To centralize the pumping of Nos. 1 and 5 collieries, the combined 
water growth of which is 1250 g.p.m., it was decided to impound the 
water in one main lodgment near No. 1B shaft, advantage being taken of 
existing barriers for this purpose. The make of water at No. 1B itself, 
being less than 60 g.p.m., is allowed to drain through 234-in. boreholes 
driven through the barrier to No. 2 mine. This latter mine is naturally 
dry, and only part of the water entering through these boreholes has to 
be pumped as the ventilating current takes up a considerable portion 
of it. 

The pump room is located in an old chamber which was later exca- 
vated to a height of 14 ft. and the ribs reenforced with 12-in. concrete 


Fig. 6. Pump Room. 


walls. The roof is supported with 85-lb. rails, set at 9-in. centers and 
lagged with brick (Fig. 6). 

The pumping plant has two three-stage Sulzer centrifugal pumps, 
each direct-connected to a 400-hp., 2200-volt motor, running at 1500 
r.p.m. Each pump has a delivery of 1250 g.p.m., against a head of 630 
ft. There isa third pump of the reciprocating type, motor-driven, which 
pumps the water from the shaft sump into the suction of the Sulzer pumps. 

An ell of the pump room contains step-down transformers for the 
lighting of the pit bottom and the operation of the car haul motors. A 
split of fresh air, conducted through a 12-in. wrought iron pipe from the 
main air course, ventilates the pump room. 
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As already mentioned, a very large area of coal is allocated to this 
mine. It is difficult to say just where the economic limiting line exists, 
but it is reasonable to assume that as the years go by and advances are ~ 
made in engineering practice, this limit will be extended farther seaward. 

By referring to Fig. 3, it will be seen that the contour of the seam 
swings through an arc of 135°, as it turns around the anticline separating. 


the Glace Bay and Lingan basins. While the shaft is located in the 


Glace Bay basin, it is apparent that the bulk of the coal to be drawn to 
No. 1B shaft will be from the Lingan basin. The seam is 7 ft. thick, 
clean coal, and is suitable for metallurgical purposes. 

By means of cross-measures drifts from the Phalen seam, overlying 
and underlying seams will eventually be won. The tonnage of coal 
recoverable from these seams from a boundary line considered within the 
present economical limit is: Hub, 18,000,000 tons; Harbour, 27,000,000 
tons; Phalen, 43,000,000 tons; Emery, 22,000,000 tons; Gardiner, 
30,000,000 tons, or a total of 140,000,000 tons. With an output of 2500 
tons per day and continuous operation, 7. e., 280 days per year, the 
Phalen and upper seams alone wi!l make the life of the colliery 126 years. 
If the lower seams are added, the life of the colliery will be 200 years. 

The Phalen seam only is being worked at the present time. The 
main development to date is a haulageway which follows approximately 
the contour of the seam from the shaft bottom. At the time of writing 
the face of this roadway is 3.3 miles from the shaft. It will continue 
to drive along the contour until it reaches the western barrier, 4.3 miles 
distant from the shaft. This barrier is the eastern limit of an area 
reserved for development from North Head, Lingan. 

At a point 1 mile from the barrier it is proposed to develop deeps on 
the full dip of the seam for a distance of at least 2 miles. The length 
of face between the barrier of the reserved area and No. 2 Colliery is 
3 miles, and as development is made seawards this will increase, the 
divergent angle being 27°. As this was considered too great a length 
of face tributary to one deep, another set of deeps was driven from the 
main locomotive haulage, 10,600 ft. distant from the shaft, and parallel 
to No. 2 barrier. This will take care of 1 mile of producing face. By 
the early winning of these deeps, the output of the mine can be main- 
tained easily while the long development of the farthest deeps is prosecuted. 


System or MINING 


The system of mining is pillar and room. This is the only system 
feasible within present cover limits, where 56 per cent. of the coal is 
left to support the sea bottom. As the cover increases to the dip a 
point will be reached where all the coal may be safely extracted. This 
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may be done by removing the pillars formed by first operation or by 
longwall. Hydraulic stowing has been suggested for this seam, replacing 
the coal by sand, crushed slag and other refuse. This, however, is not 
considered economically feasible at the present time. 

- The coal is cut by air-driven Ingersoll-Rand radial coal cutter 
machines. These machines are comparatively light, weighing 391 Ib., 
and are easily moved. They are capable of undercutting 75 tons or 
more per machine per day, although the average perhaps does not 
exceed 45 tons. 


TRANSPORTATION 


The coal is hand-loaded at the working face into cars of 2 tons capac- 
ity, of which the principal dimensions are: height above rail, 3 ft. 
8 in.; inside length, 8 ft. 8 in.; between buffers, 10 ft. 3 in.; width, 4 
ft. 434 in. The rail gage is 36 in., wheels are 16-in. tread dia. and are 
equipped with Timken roller bearings. The cars are built with solid 
ends and require a complete revolution to empty them. As a result 
they are comparatively dustproof. The cars are hauled by horses from 
the producing face to room landings, an average distance of 1300 feet. 

Trips of 17 cars are made up on the landings and lifted by a 15 by 
16-in. Ingersoll-Rand air hoist and lowered through a headway to the 
main landing.’ Three headway trips, or 51 cars, constitute a normal 
main haulage trip. Two headways are in operation at the present time, 
the average output from each being 900 tons. 

Each air hoist is so designed that it is a combined hoisting and 
compressing engine. When hoisting, it offers all the advantages of an 
efficient hoist. When lowering, the design permits of air being com- 
pressed into the main pipe line with good efficiency. 

The rope speed is controlled by the amount of air compressed and 
is at all times under control of the operator. By the movement of a 
lever, more or less air is compressed, thus governing the speed of the 
rope thereby effecting a direct saving in energy that is usually absorbed 
by friction brakes. 

' Operation from hoisting to lowering or compressing is automatic. 
The hoist is equipped with friction brakes for emergency. A compressor 
discharge valve is placed in a by-pass to insure automatic passage of 
the compressed air and to prevent the return of the compressed air 
when lowering or with the throttle valve open. 

Coal from the dips is hauled in 13-car trips from room landings by 


means of main and tail rope motor-driven hoists. There are two of 


these hoists in operation, each driven by a 150-hp. motor, at 2200 volts. 
The coal is hauled from the main landings to the shaft bottom by three 
16-ton, 240-hp., d.c., Goodman trolley locomotives. The line pressure 
is 250 to 275 volts. The locomotives have a drawbar pull of 6500 Ib. 
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on level grade, at a speed of 8 miles per hour. The wheels, 33 in. dia., have 7 


cast iron centers with steel tires 234 in. thick, the tread being 3 in. wide, as / 


and the wheel base 66 in. Each locomotive has two 120-hp. geared 


motors, centrally hung, of the open type. There is an open-drum 


controller at each end of the locomotive. 

Three of these locomotives provide ample margin in handling the 
total output from the present workings. It is estimated that the main 
haulage can be extended another 5000 ft. without additional locomotives. 

The system of main haulage at most collieries, both here and on the 


mainland, is plane rope, endless rope, or a modification of these. It is 


true that Jubilee colliery, Sydney Mines, had some years ago introduced 
storage battery locomotives for the main haul which in this case was 
very short. Also about 20 years ago compressed air locomotives were 
introduced in Nos. 2 and 9 collieries to meet a condition somewhat 


similar to that existing in No. 1B today. While these locomotives did 


the work, they were far from economical and in time were discarded. 
About 25 years ago, a trolley locomotive was used in No. 1 mine for 
comparatively short level hauls. Whether or not it was considered 
economical in those days, it is certain that it was operated without 
regard to the possible dangers arising from a dusty road. 
At No. 1B, owing to the changing direction of the contour, it was 
not considered feasible to work this mine with rope haulage with any 


degree of success. To meet this curvature condition it was necessary — 


to install locomotive haulage of some kind. 

The merits of storage battery and trolley locomotives were discussed 
fully. It was felt that for long runs, such as will be the case in this 
colliery, trolley locomotives would be the more economical. This 
decision led to special precautions being taken to prevent dust or gas 
ignition. It also necessitated the widening and increasing of the height 
of the roadway. The roadway as originally developed was 7 by 10 ft. 


It was necessary to increase this to 8 by 20 ft., giving it a finished clear- 


ance of 6 ft. 6 in. by 18 ft. This clearance holds good, except for a 
distance of 1000 yd. between the shaft turnout and the assembly yard, 
which is laid with single track. Upwards of 14,000 tons of coal and 
16,000 cu. yd. of rock had to be excavated in preparing this roadway. 
The average grade of the main road is 0.5 per cent. rising from the 
shaft; however, there is one section, 700 ft. long, where the grade is 
0.5 per cent. against the load. 

The coal, of course, was loaded out to the surface, where it had a 
market value. The disposal of the stone, however, was a more difficult 
problem. All openings adjoining the roadway itself were stowed with 
excavated rock. Although there were numerous vacant chambers to 
the rise of the parallel roadway, these could only be used to a limited 
extent, as this latter place was the chief coal road of No. 1 colliery and 
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intensive development work was being carried on at the same time 
as construction. 

Stone packwalls were built along both ribs of the haulageway. These 
walls varied in thickness from 1 to 4 ft., depending on the road alignment. 
This absorbed about 6000 cu. yd. of excavated material. Where the 
rock was of a sandy nature it was crushed to a size suitable for road 
ballast. Apart from a small section at the pit bottom, all excavated 
material was disposed of as outlined above. 

The packwalls were given a coat of gunite, 1 cement, 344 sand. This 
bonded the walls, closed the crevices and reduced to a minimum irregu- 


Fig. 7.—SToONE PACKWALLS IN HAULAGEWAY, No. 1B COoLurmRY. 


larities where coal dust might lodge. The walls prevented spalling of 
the coal ribs, which would have created a very serious dust menace. 
(Fig. 7.) 

The roof, which consists for the most part of soft shale, is supported 
by rail booms, 60 Ib. to the yard where the span does not exceed 12 ft., 
and 85 and 100-lb. rails where the span exceeds this. Considerable 
lofting is necesary over the steel booms as the roof deteriorates due to 
the changing temperature. 

In the extension on the mail haulage, now under construction, straight 
concrete walls 8 in. thick are erected on either side. These support the 
rail booms. Skin tight lagging is placed between the rails. (Fig. 8.) 

The track rails are 60 lb. to the yard, laid on ties 6 by 6 in. by 5 ft., 
spaced at 30-in. centers. This makes a substantial track for the main 
line, which must serve for many years. The rails are bonded with copper 
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bonds at each rail joint and cross-bonded at 200-ft. intervals. At 
intervals of 2500 ft., the track rail is grounded to the main air pipe on the 
parallel road. The tracks are laid at 8-ft. centers and as the locomotives 
are 5 ft., 2 in. in width, this gives a clearance of 2 ft., 10 in. between 
passing locomotives. This is ample to permit center supports if these 
should become necessary. There is a clearance of 1 it. 11 in. between 
the locomotive and packwall on the low side and 2 ft. 11 in. on the high 
side. The high side is used by workmen and officials whose duties take 
them on the haulageway during operations. In addition to the clear 
space of 2 ft. 11 in., there are manholes established at 100-ft. intervals 
as a further safety measure. 


Fig. 8.—CoNcRETE WALLS IN EXTENSION OF MAIN HAULAGE. 


The trolley wire is hard drawn copper, 4-0, B. & S. gage, fastened to 
insulators, secured to the roof beams. It is offset 6 in. east from the low 
side rail and supported at a height of 6 ft. 4 in. above it. There is a 
feeder cable carried close to the packwall on the low side of the roadway 
The drop at the end of the line does not exceed 45 volts. 

Considerable sparking was experienced when operations commenced 
This has been very much reduced by fixing the trolley wheel so that it 
makes a sliding contact. | 

The 300-kw. C, G. E. motor generator set, which supplies direct 
current to the trolley system, is located 4600 ft. from the shaft bottom 
A 4-0, three-conductor, paper-insulated, lead-covered, armored cabl . 
2200 volt, is carried from the air shaft along the ae airway to ne 
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_ motor generator set. The generator is driven by a synchronous motor 


at 750 r.p.m. 

Throughout the entire length of the roadway, stone dust has been 
used freely to neutralize as much as possible the combustible coal dust. 
Coal spillage is cleaned regularly from the roadbed. In spite of this, 
quantities of small coal accumulate and are ground by traffic into dust. 
Coal dust is also swept off the top of full cars in motion. The combined 
velocity of the inbye air and the outward bound car creates a very strong 
current and at places produces a cloud of dust to the rear of the moving 
trips. Water sprays recently established in landings spray the top of 
each loaded car before entering the main haulage. This has helped to 
reduce the coal dust materially. The roadway is examined daily and 
samples of dust taken at frequent intervals. The degree of fineness is 
determined and the combustible matter present ascertained. It is 
aimed to keep the combustible dust below 25 per cent., although as high 
a percentage as 45 may be considered safe. To prevent the propagation 
of an explosion, stone dust barriers are erected at intervals of 500 ft. 
These consist of a number of shelves ladened with dust and easily tripped 
when subject to concussion. Lach battery or barrier is 50 ft. in length 
and carries 2 tons of stone dust. 

The stone dust is derived from dolomite tailings obtained from a 
quarry at Point Edward near Sydney. A Bradley Junior Griffin mill 
located in the colliery yard, having a capacity of 114 to 2 tons per hr., 
pulverizes the stone so that 80 per cent. passes a 200 mesh. Considerable 
difficulty was experienced at first owing to the wet condition of the stone 
supplied to the mill. This prevented successful operation and reduced 
the capacity of the mill. Later a pre-dryer of the rotary type was 
installed, which obviated this difficulty. 

The stone is dumped from railway cars into a hopper below the level 
of the railway tracks. From here it is elevated by means of a continuous 
bucket conveyor to a Canadian Rand jaw crusher, where it is crushed to 
1g in. ring and under and then conveyed by a bucket elevator to the 
rotary dryer. The dryer consists of a steel drum 2 ft. 9 in. dia. and 18 ft. 
long, housed over a fire grate in a brick chamber, 18 ft. long, 3 ft. 6 in. 
wide and 5 ft. high, and is thus brought into direct contact with 
flame, the hot gases of combustion returning through the drum to the stack. 
The drum makes 10 r.p.m., and since the outlet.is 9 in. lower than 
the intake, there is a continuous flow through the drum, the interval of 
travel being sufficiently long to dry out all but a small percentage of 
inherent moisture. 


VENTILATION 


The mine is ventilated by a 5 by 10-ft. Sirocco forcing fan, connected 
by a Morse silent chain drive to a 400-hp., C. G. E. synchronous motor. 
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The fan is designed to deliver 300,000 cu. ft. of air per min. at’6 in. w.g. 
At the present time the fan delivers 90,000 cu. ft. of air per min. with a 
w.g. of 3.8 in., running at 183 r.p.m. There is a stand-by, 20 by 42 in., 
Dixon steam engine, connected to the fan shaft by a rope drive. The 


air is delivered through a staple pit, 11 ft. 4 in. by 18 ft., and 40 ft. deep, 


to a drift 74 ft. from the circular shaft, to which it is connected. © It 
will be recalled that this air shaft was sunk prior to the merger and before 
such a large development was contemplated. As a consequence, while 
the shaft is of ample dimensions for the requirements of the next 6 or 8 
years, nevertheless, at some future date when the quantity of air required 
is considerably greater than it is today, a much larger shaft will be needed. 
When the larger air shaft is completed, a rock drift will be driven from the 
staple pit and the ventilation diverted. The fan is amply big for 
future demands. 

As the intake air shaft is equipped with hoisting cages and is used 
during coal-hoisting periods by officials and also for the lowering of 
certain materials, it was necessary to build an air lock at the shaft 
mouth. This consists of two chambers, each 17 ft. 4 in. square. The 
section immediately over the shaft extends to a height of 33 ft. 10 in. 
above the surface. The roof is pierced with two small openings for the 
passage of the hoist ropes. The height of the outer chamber is 11 ft. 
4in. Between the two chambers there is a 34-in. steel raising door, 10 
ft. by 8 ft. 6 in., with a trap door 6 ft. 6 in. by 2 ft. The outer door is 
a double one, 8 ft. 6 in. by 6 ft. with a trap door insert. The air enters 
the shaft at a point 43 feet below the surface. At the shaft bottom, the 
air is split into two main airways. These run parallel to the main 
haulage for a distance of 2200 ft. At this point a connection is made with 
the main haulage road. One airway is continued to the face, the main 
haulage serving as a second main intake also. At the present time there 
is under ‘construction an additional 13 by 11 ft. airway in an overlying 


seam. When this is completed the combined areas of the intakes will 


be 300 square feet. 

The trolley haulage is operated on intake air only. 

To prevent short circuit of the air to the coal shaft, an air lock was 
established on the main road, the doors being set 1250 ft. apart. This 
distance enables the motor trip to pass through the air lock without any 
appreciable reduction in speed. The doors are of wood, 7 ft. 4 in. by 
6 ft. 534 in., bedded in concrete. A smaller door, 6 ft. 534 in. by 
2 ft. 6 in., is set opposite the traveling way. 

As the total pressure on the main door is nearly 700 lb., it is customary 
for the trapper (when the locomotive is approaching) to open the small 


door and equalize the pressure on both sides of the main door before 
attempting to-open the latter. 
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The leakage is sufficiently great to ventilate thoroughly the haulage 
road from the air lock to the shaft. The air is split into five separate 
ventilating currents, so that the return air from each working section 
passes directly into the main return airway. The main return air 
divides naturally between No. 1 shaft and No. 1B coal shaft. At some 
future date the return to No. 1 shaft will be closed off, in which case all 
the return air will make its exit through No. 1B coal shaft via the dumb 
drift. The area of the airways leading to the shaft and the shaft itself 
is sufficiently great to do this without adding undue resistance to the air. 


Fie. 9.—Door FoR CONTROL OF VENTILATION IN PASSAGE BETWEEN Nos. 1 Anp 2 
COLLIERIES, 


It will be recalled that one object of the circular shaft was to provide 
an escapeway for the workmen in No. 2 colliery, in case of a disaster 
cutting off No. 2 mine shafts. Shortly after the circular shaft was 
sunk, a passage was driven between Nos. 1 and 2 collieries, 140 ft. in 
length and 6 by 8 ft. in section. In this passageway, doors were erected 
which effectively separated the ventilating currents of the two mines. 
These doors are referred to as “explosion doors.” (Fig. 9.) It is 
hoped, in the event of an explosion in either mine, that the doors may 
withstand the force of the blast and provide an escapeway for survivors. 

There are four doors, in pairs, two doors being hung on one frame. 
The distance between frame centers is 15 ft. 9 in. The frames 
are heavily constructed of cast steel and each is securely fastened into 
a heavy reenforced concrete ring. They are 2314 in. thick on the bottom 
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and 18 in. thick at the top, leaving room between the doors fe ra 
when the doors are shut. The battered frame insures the doo 
shut by their own weight. The door opening is 2 ft. 6 in. by 5 ft. 61 no 
The doors are also of cast steel 114 in. thick, heavily ribbed and furt ne 
strengthened by having their outside surface convex, designed to with- 
- stand a pressure of 200 Ib. per sq. in. The bearing surfaces between -_ 
doors and frames are machined so that there is no air leakage between 
the mines. The door hinges are equipped with grease cups and open 
easily. The perimeter of the passageway between the doors and for a 
distance of 5 ft. on the outer ends is lined with concrete. A 4-in. pipe 
with a trap drains the water from No. 1B into No. 2 colliery. 

This colliery is designed to hoist 2500 tons per 8-hr. shift. It was 
officially opened June 20, 1924. The maximum output raised in any one 
shift was 3204 tons, on Sept. 16, 1927. 
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Until 1923, the method of mining in the Sydney field was pillar 
and room, with pillar extraction under land areas and also in submarine 
areas under a minimum cover of 700 ft. Until recently rooms were 
driven 20 ft. wide and on centers varying from 48 to 64 ft., depending 
on the depth of cover. Crosscuts were driven 12 ft. wide on 87-ft. centers. 

The coal is mined with Ingersoll-Rand radial cutters. These operate 
with a combined rotary and percussive action. Generally the inclination 
of the seams debars the use of shortwall machines. 

It was customary for the machine runner and loaders to work on the 
same shift and a minimum of four rooms was allocated to each machine. 
Two rooms were cut on one shift, or approximately 40 tons. Two rooms 
were loaded out on one shift, making 10 tons per loader per shift. Cross- 
cuts were mined and loaded out on the same tonnage rate as rooms and 
were only driven because they were necessary for effective ventilation. 

Some time ago the width of rooms was reduced to 16 ft. and the width 
of crosscuts increased to 16 ft. The rooms were laid off so that the pillar 
length measured along the room plus 16 ft. was equal to the length of 
the crosscut. In this way each room had always two producing faces. 
As soon as a crosscut was driven through, the room had developed far 
enough to win another crosscut. 

By setting the machine post in the center of the room or crosscut and 
cutting a full are, the same tonnage per cut could be got as formerly with 
the 20 ft. width and the standard depth of cut of 5 ft. The machine 
runner was then given two rooms with crosscuts, and crosscuts being 
now equally as important as rooms, as producing places, this method 


doubled the concentration. In addition to this the following benefits 
were apparent: 
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1. Assured ventilation, since crosscuts had to be driven as soon as won. 
2. Better roof conditions in rooms where the width was reduced by 
3, Easier cutting for the machine runner, as one set-up of themachine 
was sufficient to complete a cut 16 ft. wide, while two set-ups were neces- 
sary to put in a cut 20 ft. wide. 
4,. Shorter flitting distances for the machine. 


Fic. 10.—PRINCESS COLLIERY. 


5. Easier hand loading, the throw being reduced by 2 feet. These 
benefits, although objected to by the men at first, are now accepted and the 
system is applied wherever possible. It is difficult now to get miners to 
leave a 16-ft. section and go to work in a 20-ft. room section. 

In submarine mines the minimum cover under which any seam 
may be worked is 180 ft. This is governed by the Coal Mines Regulation 
Act. The company engineers have placed 200 ft. as the minimum cover 


50 COAL-MINING OPERATIONS IN THE SYDNEY COAL FIELD is 
where the seam crops under the sea. Between the 180 and 700-ft. cover 
lines, supporting pillars must be left in. The extraction between these 
boundary lines averages 44 per cent. only. ten 

Coincident with an increase in cover the roof shale became weak and 
in some cases the floor, which varies from fireclay to shale, also weakened 
and serious difficulty was experienced in keeping the chambers open. 
Even in narrow work development places it was necessary to support 
the roof with steel rails weighing 85 Ib. per yd., used as booms and set 
at 1-ft. centers. Sometimes relief was got by driving an additional 
narrow place parallel to and slightly in advance of the main road. This : 
place was allowed to collapse every 80 ft. or thereabouts and appeared . 
to relieve the pressure somewhat on adjacent roads. 

In Princess colliery (Fig. 10) where the seam is 5 ft. 8 in. high at a 
cover of 1300 ft. rooms were laid out to be driven a maximum distance of 
200 ft. with the object of removing the pillars before excessive weight 
became evident. This did not prove successful; frequently the roof would 
collapse, shearing at the ribs, or the floor would give way and heave, 
almost entirely closing the place overnight. This necessitated ribbing 
in at considerable cost and even then a large percentage of the coal 
was lost. 

Under these conditions it was necessary to change the system of 
mining and a start was made on the longwall method in 1923. A small 
section, 1014 South level, was started up, the cover at this point being 
1430 ft. and the gradient of the seam 6 per cent. A breasting 100 ft. 
wide was carried forward, the face being on the dip and rise. Two 
roads were constructed in the gob, one being the haulage level and the 
other the intake airway. 

A place developed at right angles to the level was brushed and packed 
as a main gate. The producing face was started up from the side of this 
gate forming an angle of 60° with the level. As the face advanced and 
the gate road was developed the face extended until it reached a length of 
1600 ft. The face line coincided with the cleavage plane of the coal. 
Crossgates were turned off the main gate at 50-ft. centers. These were 
constructed parallel to the haulage level. 

The brushing of the crossgates supplied ample material for pack build- 
ing and being so close together the waste was practically all stowed. The 
coal was mined by handpicks and loaded into cars hauled to the face by 
horses. The method proved successful—the size of the coal was 
improved, roof troubles were eliminated and all the coal was extracted 
thereby reducing the advance seawards proportionately. 

The daily output from this section was 0.5 ton per ft. face. Later 
machine cut faces were laid out, these being at right angles to the level, 

‘aoe Ne. and two faces made tributary to one main 
e face was loaded on a jigger conveyor and delivered 
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into cars on the main level from the first face and to cars on a lateral gob 
road from the second face. 

The elimination of the many crossgates, while eerscuna a saving in 
brushing costs, necessitated a radical change in the care of the coal 
face. ‘The waste which had been almost solidly packed was now allowed 
to cave in. However, it was necessary to erect intermediate packwalls 
in the waste to prevent a sudden and extended rupture of the roof. These 
packwalls were built from waste tailings and were 12 ft. wide and set 
at 66-ft. intervals. 

Three lines of hardwood chocks made up of 6 by 6 by 30 in. squared 
hardwood were erected parallel to the face, each chock being staggered 
with respect to the neighboring line. The chocks were set on 8-ft. 
centers on the dip and rise, the centers between lines being 7 feet. As 
soon as the third line was erected the rear line was withdrawn and the 
roof allowed to settle behind. The installation of conveyors and the 
limited brushing in this layout reduced the costs very considerably. 

In Lingan district, longwall was started in 1924, in No. 16 colliery. 
The seam is 5 ft. 2 in. high and has an average pitch of 20 per cent. Over- 
lying the seam is a weak shale varying from 2 to 14 ft. Above this 
there is a sandstone band varying from 20 to 45 ft. in thickness. 

Operations commenced in No. 7 West level (Fig. 11), the cover being 
1050 ft. As the levels had already been developed a considerable 
distance, the first operation was the removal of the level pillar and the 
widening out of the haulage level so as to erect stone-filled softwood packs, 
leaving a finished roadway 12 ft. wide. 

A gate road was constructed at right angles to the level by widening 
out a headway which had already been developed. 

A brushing of 6 ft. in height was carried in the level and fully 4 ft. in 
the gate. 

The first face was 180 ft. in length and parallel to the gate. The 
coal was cut by a chain machine and loaded by hand on a jigger conveyor 
which delivered the coal into cars on the level. When the first face had 
advanced 80 ft., the second face was started, similar in all respects except 
that the face conveyor delivered the coal into a conveyor laid in a lateral 
constructed in the gob parallel to the level. This lateral conveyor 
delivered the coal into the main gate conveyor, which in turn delivered 
the coal.into cars on the level. This made two loading points on the 
level which caused inconvenience and delays until the distance between 
these loading points became extended. 

By the time the first face had advanced 170 ft. and the second face 
100 ft. considerable difficulty had been experienced in keeping the faces 
open. Lack of experienced longwall miners and officials led to difficulties 
which otherwise could have been avoided. Few appreciated the impor- 
tance of removing all rigid supports from the waste and substituting 
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stone packwalls to permit easy settlement of the overlying strata. The 
roof shale broke easily but the overburden from the sandstone upwards 


did not break readily. When it did break it frequently carried forward © 


and closed the face. , 
- After one of these closures it was found, when regaining the face by 


taking off a slab 12 ft. in width that the coal, if sheared in the tight 
corner, would fall readily from the face, provided the face line coincided 
with the cleavage plane, which was nearly on the strike. Advantage 
was taken of this and the direction of the faces changed to conform 
with it. Fig. 12 shows this clearly. A face 50 ft. in length was estab- 
lished and carried forward by shearing the tight corner. The coal was 
loaded on a face conveyor and delivered by it to a dip conveyor laid 
close to the solid coal and protected on the waste side by packs. 

The coal from the first or lowest face was delivered by the dip con- 
veyor directly into cars on the level. 

When the first face had reached a point 20 ft. above No. 1 lateral gob 
road it was stopped and a new winning made from the level. The 
stopped face was started up again and carried forward as before, the 
only difference being that the dip conveyor delivered the coal into a 
conveyor on No. 1 lateral, thence to the main gate conveyor. When 
this face had reached a point 20 ft. above No. 2 lateral the coal was 
transferred through No. 2 instead of No. 1. 

There were four 50-ft. faces in this section, the distance between 
laterals being 180 feet. 

The faces were double-shifted and sometimes made an advance of 
7 or 8 ft. per shift. This rapid advance led to difficulties. Hardwood 
chocks were set parallel to the face, the chock lines being on 8-ft. centers. 
Production in one day necessitated the erection of two lines of chocks. 
These were set by the miners. The withdrawal of chocks was done on 
the backshift by company men. If anything happened to prevent the 
complete withdrawal of the two rear rows of chocks, the close of 
the following producing day left the rear line of chocks 40 ft. back from the 
face. The removal of the rear row of chocks under these conditions was 
next to impossible, the roof having broken and fallen all around them so 
that they were buried in the gob. Apart from the waste of material, the 
buried chocks offered too rigid resistance to the settlement of the over- 
burden and thus threw the weight forward, weakening the immediate 
roof in the vicinity of the face and frequently resulting in closure. 

There was considerable difficulty in getting material to the face 
necessitating three transfers, which added considerably to the cost. 

While the jig conveyors were capable of handling all the coal on the 
inclines, it was found that the lateral jig conveyors, laid practically level 
on a gobbed road subject to heave, which threw them out of vertical 
alignment, were not capable of taking care of the coal that could be 
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d at the face. 
had started to heave, a rapid advance of the face could bo depended on 


Where the laterals were short and before the floor 
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out 80 ft. and were subject to heave there 
which was not satisfactory either to the 


when they became extended ab 


was a slowing up of the face, 


contract miner or the colliery manager. 
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A later development is shown by Fig. 13. Here a gate is constructed 
on the rise of the seam with a producing face on either side, each approxl- 


mately 75 ft. in length. 
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Fie. 14—No. 16 COLLIERY; PROPOSED METHOD OF LONGWALL RETREAT, No. 8 W. SECTION; 50-FrT. FACE 


RETREATING LONGWALL. 


The east face is carried about 10 ft. in advance of the west side, a 
shearing being established in line with the west side of the gob road and 
another shearing in the west corner. Stepping the faces permits delivery 
from the face conveyors to the main conveyor without crowding the 


pan at one point. 
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Fig. 14 shows a retreating system developed to avoid brushing. The 
lateral conveyors are more stable, being laid in roadways in the solid; 
however, the cost of narrow work development offsets to some extent 
F the savings effected by elimination of brushing. This system is appli- 
_ cable in limited areas, 7. e., where the floor is reasonably firm. 

Total extraction in the submarine area of this field has been carried 
out successfully where the seam was 6 ft. 5 in. high and the overburden 
700 ft. In all probability total extraction without stowing could be 
carried out safely with less cover but it is felt that it is better to err on 
the safe side, especially where an error in judgment would be so disastrous. 

What is of more importance than depth of cover is the character of 
the overburden. Where yielding shales and clays predominate the depth 
of the overburden may be safely reduced; conversely, where limestone and 
sandstone predominate the cover must be increased for the same safety 
factor. Undoubtedly where a break does occur, the softer shales and 
clays in time puddle the fracture and render it impervious to the flow of 
water. In the drawing of pillars it has happened that an inflow of sea 
water was encountered. This lasted for several months but gradually 
diminished and then apparently ceased. 

Subsidence of the overburden extends over a long period of time. 
Unfortunately records were not kept in the past to determine the amount 
and rate of subsidence, but observations in a few cases have shown 
subsidence to be equal to 60 per cent. of the extraction over a period of 
15 years, at a depth of from 400 to 600 ft. Total extraction of two or 
more seams superimposed has not been attempted so far; however, the 
conclusion reached by T. Forster Brown, a British engineer of wide 
experience in submarine mining, is that total extraction in this field 
may be carried out safely allowing 100 ft. of strata for every 
foot of extraction. 


VENTILATION 


Undoubtedly the ventilation of a submarine mine is a problem of 
prime importance. Granted suitable grades and a moderate overburden, 
coal may be mined and transported economically an indefinite distance 
underground. Ventilation of remote workings, however, is a problem 
that demands the closest attention and study of the mining engineer. 

From the time mining commenced in this field down to the close of the 
19th century little thought was given to the question of submarine 
mining, except for limited distances. This is reflected in the attitude of 
the operators in the Sydney Mines district, who as late as the year 1900 
did not deem it worth while to secure a submarine lease farther than 1 
mile from the shore. Evidently this was considered the limit of profitable 
mining, although at the present time the workings there have actually 
reached a distance of 214 miles from the shaft. With this attitude of 


workings 2 to 3 miles from the shore was not made. 


Pillars were drawn in the area worked over which siianficd fully 1 _ 


mile from the shore in 1913, and although at that date it seemed feasible 
to mine a much greater distance seawards, nevertheless it was recognized 
that ventilation would be the limiting factor. It was impossible to con- 
struct airways through the waste. Airways might have been constructed 
in a stratum under the seam but the cost would have been prohibitive. 
In 1922 the situation became acute and it was decided to install a booster 
fan on the main return at a coursing distance of 21,000 ft. from the 
upcast shaft. 

The surface fan is a motor-driven Capell, 20 by 5 ft., which exhausts 
51,000 cu. ft. of air per min. at 2 in. water gage. The pe fan, which 
is driven by a 12 by 15 in. Robb engine, using 700 cu. ft. of compressed 
air, is of the Sirocco type. This fan exhausts 45,000 cu. ft. of air with a 
2-in. water gage. The booster fan operates continuously except on 
week-ends and idle days. 

Although serious objections may be raised against the normal ventila- 
tion of a mine being made dependent on an underground booster fan, 
nevertheless, under the circumstances, this appeared to be the most 
feasible solution. The ventilation of the faces is satisfactory, the per- 
centage of methane in the returns being negligible. 

Fig. 15 shows the position of the intake and return shafts; also the 
location of the main and booster fans and the direction of the air currents. 
At the point A there is a pressure tending to cause leakage from the 
intake to the waste, which is the return. At B there is a pressure in 
the return tending to cause leakage from the return into the intake. The 
booster fan near B creates a depression of 2 in. w.g., measured at the 
fan, which induces a flow into the mine at the intake shaft. At point A 
which is close to the intake shaft the absolute pressure on the air is 
practically atmospheric, 14.7 X 144 = 2116.8 lb. per sq. ft. On the 
intake at B this is considerably reduced by the pressure absorbed between 
A-B, due to resistance to the flow of air in the intake between these points. 

The air is split below B and ventilates the working faces, joining 
together again at the booster fan. Since the depression created by this 
fan is 2 in. or 10.4 lb. per sq. ft., the absolute pressure of the air on the 
intake side of the fan is 2116.8 — 10.4 = 2106.41b. As the fan develops 
2 in. of w.g. the air on the delivery side of the fan is restored to atmos- 
pheric pressure. This being in excess of the pressure on the air in the 
intake at B tends to cause a flow from the return. 

The main fan at the return shaft draws the air from the booster fan 
and also creates a depression at the surface of 2 in. 

There is a steady fall in the absolute pressure of the return air from B 
to the main fan due to resistance. It is obvious that the absolute pressure 
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of the return air is less at A than the absolute pressure of the intake. 
Leakage into the return necessarily follows, unless thoroughly sealed. 


turn Shaft 
Ore 3 


Intake Shaft 


Leakage A 


Fig. 15.—INTAKE AND RETURN SHAFTS; SHOWING ALSO LOCATION OF MAIN AND 
ton BOOSTER FAN AND DIRECTION OF AIR CURRENTS. 


For effective and economical ventilation it is always desirable to 
build stoppings as tight as possible. It will be seen, however, that 
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leaky stoppings are a much more serious matter when booster fan venti- 


lation is in force, inasmuch as there is a possibility of fouling the intake — 7 


by recirculation. : 


No consideration has been given here to the difference in elevation 


of points A and B, or the temperature of the air in the workings. This, 


however, merely complicates the problem without making any clearer at 


the point emphasized, namely, the necessity for tight stoppings. 

Prior to the war it was realized by the Dominion Coal Co. engineers 
that steps would have to be taken to assure adequate ventilation for 
future submarine mining. No action was taken, however, until the 
strenuous war years had passed. In 1921 the problem was studied and 
it was decided that steps should be taken immediately to establish 
satisfactory ventilation that would be adequate to meet requirements 
for at least the next 20 years. The following principles were laid down: 
(1) ventilation to be ascensional; (2) two or more main intakes for each 
mine; (3) air to be split as near the shaft bottom as possible and secondary 
splits laid out to maintain normal velocities around the working faces; 
(4) definite returns to be constructed contiguous to the intakes or through 
the waste; (5) air charged with an excess of 0.5 per cent. methane not 
to be allowed to enter a working section but to be conducted directly 
into the main return; (6) haulage and traveling roads to be made neutral 
as to air; (7) construction of main airways to be of a permanent character. 
This entailed the construction or rehabilitation of 80 miles of main 
airways, the erection of 85 overcasts and 2100 concrete stoppings, at a 
cost in excess of $3,000,000. The work of rehabilitation was started 
at once and pushed ahead vigorously. 


Ventilation—No. 2 Mine 


A description of the ventilation and airway construction of No. 2 
colliery may be taken as typical of the submarine mines generally. This 
mine is ventilated by a 20 ft. by 7 ft. 6 in. Walker fan, designed to deliver 
400,000 cu. ft. of air per min., against a 414-in. w.g. The fan is rope- 
driven from a 30 by 48 in. Corliss valve engine. At the present time 
it circulates 175,000 cu. ft. with a water gage of 5 inches. 

There is also a steam-driven, direct-connected Dickson fan as a 
stand-by, capable of delivering 250,000 cu. ft. of air per min. These 
fans are forcing, as are the majority in use in this field. However, all 
are installed so that the air current may be readily reversed. 

The air is delivered through a 12 by 12 ft. concrete air duct, below 
the surface, to an air shaft 10 by 17 ft. and 855 ft. deep. At a point 
40 ft. from the bottom of the shaft the air is split; an inclined cross- 
measures drift, 12 by 12 ft., driven over the seam and tapping the seam 
200 ft. from the shaft, forms the south side airway. At this latter point 
the air is divided, entering two parallel intake airways, each 12 by 
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6.5 ft. These are continuous to the face of the South Deeps—12,000 
ft. distant. This split is again divided so as to ventilate the workings 
north and south of the South Deep separately. There are also separate 
returns to these splits, joining together near the coal shaft, which is 
the main return. 

The quantity of air entering the south split is 68,000 cu. ft. The 
combined quantity entering the secondary splits is 53,000 cu. ft., showing 
a loss by leakage of 15,000 cu. ft. or 22 per cent. in a distance of 2 miles. 

The. main north split begins at the bottom of the air shaft and tra- 
verses a single airway for 300 ft., here the air enters two airways, one 
on the north and the other on the south side of the haulage deep. These 
have a combined sectional area of 150 sq. ft. At a point 114 miles 
distant, the air on the south side is deflected across the haulage road by 
means of overcasts and from this latter point to the face of the deeps, a 
distance of 6000 ft., the airways are parallel and 50 ft. apart. 

The main north split is divided into four secondary splits. The 
quantity of air entering the main split is 105,000 cu. ft. and the combined 
quantity entering the four splits is 78,000 cu. ft., the loss through leakage 
over a distance of 2144 miles being 27,000 cu. ft. or 26 per cent. 

It must be noted that the leakage loss is not a function of the distance. 
Construction is being carried on at various points on the airway, necessi- 
tating the installation of many doors for the purpose of handling material 
and removing muck. When this work is completed and the doors bricked 
up the loss from leakage will be reduced. The air in the main returns 
carries 0.34 per cent. methane. 

Owing to the weak roof it is necessary to give ample Sets Figs. 
16 and 17 show typical construction of the main intakes. Eighty-five 
pound re-layer steel rails are used as booms. Although not designed to 
serve as beams, nevertheless because of their permanent character and 
their greater strength compared to spruce wood booms, they are used in 
all main roads. 

The varying temperature of the intake air readily disintegrates the 
soft roof shales and necessitates close lagging. Frequently the sides have 
also to be lagged as the coal is friable and spalls readily if the rib of the 
airway coincides with the plane of the coal. 

Usually the return airways are timbered with props and caps. These 
are barked and given a hot salt bath for at least 24 hr. as a preservative. 
As the temperature of the return air is more nearly constant, the roof 
does not disintegrate so readily as in the intakes, but the return air 
hastens the decay of the wood. This is more evident in some other 
collieries than No. 2. 

Fig. 16 shows also the method of construction of return airways 
recently put into effect where the return air is particularly destructive 


of wood. 


COAL-MINING OPERATIONS IN THE SYDNEY COAL FIELD 


62 


‘SHUVINI NIVW dO NOILODUISNOD IVOIdAT—'9T “SIT 


SININ AVE 


ee LUaUa AP 


SZNIN NYONIT ‘NANLIAA 


SD lla lg Sa lid aad (iISEASWEZAZZS 


AA 94L919U0) 
Aq 24819U0] 


SIS SS SITS TST IST STO. LILES) STS 
Sin =) = MY) SUES Yad ee; LLY OA) SH YY OL AY SS el SY SYS SYS SYS SSI 


ALEX. L. HAY 63 


3 Fig. 18 shows a typical concrete stopping built only in main airways, 

% and the type of stopping used in subsidiary airways, the plaster mixture 

used being 1 hard wall plaster, 2 cement, 4 sand. 

- A standard ventilation door is shown on Fig. 19. 

4 Fig. 20 shows a typical permanent overcast. Temporary overcasts 
are much ligher in construction, although also of concrete. 


Fig. 17.—TYpicaL CONSTRUCTION OF MAIN INTAKES. 


Regulators are avoided wherever possible; when used they are 
generally placed at the mouth of the split to reduce leakage losses. 

A careful check is kept of the quantity and condition of the air in 
each split. There is a staff of ventilation engineers for the entire coal 
field. These men direct airway construction and make recommendations 
to the colliery manager on rearrangements of the air splits when desirable ; 
they also measure and sample the air at least once a month, or oftener 
as the occasion demands. In this way a constant check is kept of the 
condition of the ventilating currents. 

The problem of future ventilation will be solved in great measure by 
constructing airways of large sectional area. It is not suggested that the 
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Fie. 18.—TyYpicaL CONCRETE STOPPING BUILT ONLY IN MAIN AIRWAYS. 
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Doors PLACED WHERE THE PRESSURE EXCEEDS 


WATER GAGE HAVE SIDES BUILT OF CONCRETE IN PLACE OF PLASTER. 


Fig. 19.—TyYpicaAL MINE DOOR. 
1 IN. 
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airways being constructed at the present time will be adequate 3 oS 


yearshence. We believe, however, that they will take care of the requ n 
ments for the next 20 years and that the present expenditure is justifie 
on this basis. 
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Fig. 20.—TyYpicaAL OVERCAST. 


UNDERGROUND TRANSPORTATION 


In a submarine mine where it is impossible to cut off an extended 
haulage by means of another shaft, the question of haulage is neces- 
sarily important. 

All the seams in the Sydney coal field dip in a seaward direction, 
varying from 6 per cent. on the axis of the Glace Bay basin to 22 per cent. 
on the Lingan basin. These inclinations for extended distances prohibit 
the use of locomotive haulage. In general, the system in use where the 
inclination is less than 10 per cent. is endless rope and where the inclination 
exceeds this, single rope trip haulage, hoisting in balance. 

If reference is made to Fig. 2, it will be noted that No. 2 colliery shaft 
is located on the hub of the Glace Bay basin, the contour of the seam 
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forming an arc north and south of the shaft; also that No. 1B colliery is 


located on the south side of an anticline while the greater part of the area 


tributary to this shaft is north of the anticlinal fold. These two mines 
are exceptional in this respect and are suitable for some type of loco- 
motive haulage. ; 

All the coal in No. 2 to the rise of the shaft was lowered to levels 
following the contour, and compressed air locomotives hauled the output 
along these levels to the shaft. When the workings had developed to 
the dip of the shaft the main endless rope system was established and 
the locomotives discarded. The trolley locomotive haulage in No. 1B 
has been detailed in the description of that colliery. 

The features favoring endless rope haulage are: (1) low speed of 
movement of cars; (2) steady output with short landings, the mine cars 
being delivered singly, and (3) less danger of derailment and less damage 
resulting when derailment occurs. The disadvantages are: (1) the 
necessity of maintaining a double-tracked road throughout the entire 
length of the haulageway; (2) increased labor in handling cars at the 
landings; (8) cost of maintaining pulleys and ropes and (4) greater 
number of cars required for a given output. 

With an extended haul and the number of landings kept to a minimum 
there is no doubt that a steadier and greater output is assured than with 
single rope plane haulage and this more than offsets its disadvantages. 
The longest haulage of this type in use in this field is in Caledonia 
mine, the length of haul being 16,000 ft. over a gradient of 7.33 per cent. 
against the load and the output 1300 tons per 8-hr. shift. 

Up until 1922, this system was operated by single reduction spur 
gearing, driven by a 22 by 42 in., noncondensing slide valve steam engine, 
built in 1872. This engine is still in use and giving excellent service, the 
only major repairs necessary in its life of over 50 years being the replace- 
ment of the piston rod and the reboring of the cylinder. At that date, 
however, additional load made it necessary to increase the engine power 
and strengthen the gears. 

Rather than scrap the existing engine, it was decided to install an 
auxiliary. This consisted of a fourteen 24 by 42-in., compound, non- 
condensing, slide valve Matheson engine, coupled to the extended 


-end of the existing crank shaft, the two engines having a common fly 


wheel. 
The present gears consist of a cast steel driving drum, 8 ft. 3 in. dia., 


lagged with cast iron segments, bolted to its periphery. On either side 
of the rope wheel is cast a brake path 7 ft. 2 in. dia. and 614 in. wide. 
The gear wheel is of cast steel with 96 cast teeth, 3)4 in. c.p. and 15 in. 
face. The gear and the rope wheel are keyed to a 14-in. dia. shaft which 
is nicked down to 10 in. dia. in the bearings. The pinion is also of cast 
steel with 16 fully shrouded cast teeth. The friction clutch is of the 
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band type, engaging on a wheel 5 ft. 6 in. dia. keyed to the extended hub | 


of the pinion. ip 

The mine car has a capacity of 1.4 long tons and is equipped with 
12-in. cast steel wheels and plain bearings. The over-all dimensions are 
length 8 ft. 114 in.; width, 3 ft. 73¢ in.; height, 3.ft. 64g in.; weight 1450 
lb.; gage, 2314 inches. 

The haulage rope is 114 in. dia., best plow steel, Lang’s lay, with 
6 strands of 7 wires over a hemp core, weighing 2.45 lb. per ft. The 
breaking stress of this rope is 134,000 lb. The tension developed when 
the rope is fully loaded is 75,000 lb. It will be seen that the safety factor 
of this rope is very low. To increase the size of the rope would lead to 
pulleys of very large diameter unsuited to underground conditions, and 
further an abnormal share of the power would be required for movement 
of the rope itself, which even at the present time accounts for almost 
20 per cent. of the rope stress. : 

It is considered that in this instance the economical limit of a single 
endless haulage has been passed and it is proposed to install next year 
a motor-driven relay endless system at a point 214 miles from the shaft. 

In the Waterford collieries where the inclination averages 23 per 
cent. the trip haulage system obtains. The main haulage engine at 
No. 16 colliery, which is a slope mine, consists of two drums, 8 ft. dia., 
4-ft. face, capable of holding 8000 ft. of 14 in. rope, operated through 
friction clutches from a geared slip ring motor 1200 hp., 6600 volt, 
375 to 370 r.p.m., controlled through a liquid rheostat. 

The over-all dimensions of the mine car are: length, 6 ft. 11 in.; 
width, 3 ft. 7 in.; height, 3 ft. 3 in.; gage, 2 ft. 6 in.; weight, 820 lb.; 
average capacity, 0.89 ton. Trips are hoisted in balance, 25 cars per 
trip, the rope speed being 18 miles per hr. The rope stress is 18,000 
lb., giving a safety factor of 6. The economical limit of this type of 
haulage in this district is about 144 miles. 

A haulage of the same capacity, and quite similar, is about to be 
installed underground in No. 1B colliery at a point 10,000 ft. from the 
shore. This haulage will necessitate an excavation of 36 by 40 ft. by 
a height of 20 ft. and is the largest underground haulage installation 
known to the writer. Under the conditions there it is anticipated that 
this installation will be capable of hauling 2500 tons from a distance of 
8000 ft. in 8 hours. 

- Subsidiary haulages are of the main and tail or single rope types 
operated by compressed air. These, however, are gradually being 
replaced by electrically-driven haulages. Horses are used only in 
gathering from the faces to room landings. - 


SuRFACE TRANSPORTATION 


The Dominion Coal Co., Ltd., owns and operates the Sydney & 
Louisburg Railway, for the purpose of collecting the output from its 
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collieries and assembling it at its shipping piers. The main and branch 


lines have a combined length of 79 miles and the yard tracks aggregate 
50 miles. The rolling stock consists of 30 locomotives, ranging in weight, 
on drivers, from 75,000 to 174,000 lb. There are 1800 coal cars. The 
monthly tonnage hauled is about 400,000 or 5,400,000 coal ton miles. 
The principal shipping piers are at Sydney and Louisburg; the former 


for summer shipping, the latter, being an open port throughout the 


year, is used in winter. Four steamers may be loaded at Sydney, and 
two at Louisburg, simultaneously, at the rate of 1000 tons per ship per 
hr., the record being 7000 tons loaded in 5 hr. in one ship. 


POWER 


Most of the collieries were originally laid out to be operated by 
individual steam power plants, due in part to the established practice 
of separate companies from which the Dominion Coal Co. was formed. 
Consequently the history of the power system is that of a slowly cen- 
tralizing process and of a gradual and continuing change from steam 
to electricity. 

The increase in use of electric current has almost doubled during 
the last 5 years, the present annual consumption of electric energy being 
in the neighborhood of 55,000,000 kw-hr., although we still have in 
use steam boilers at the collieries having a combined rated capacity of 
10,000 boiler horsepower. 

There are two main generating stations, one in Glace Bay and the 
other at Waterford, the former being the first installed and now becoming 
more or less obsolete, the ratio of production of energy being 19 and 
81, respectively. 

The Waterford power plant consists of three Babcock & Wilcox 
boilers and 4 Bettington pulverized fuel boilers, having a combined 
capacity of 6800 boiler hp., supplying steam at 175 lb. pressure to an 
8100-kva., 6600-volt, 0.9 power factor turbogenerator as the main 
machine and a 6000 kva. stand-by generator, generating three-phase 
current at 25 cycles. 

To replace the Glace Bay station and to provide for further electri- 
fication of the mines, the company is now contemplating the erection 
of a power plant of 20,000 kw. capacity. 


MECHANIZATION 


Owing to the inclination of the seams, a weak top and the gaseous 
and dusty nature of the coal, mechanization at the face offers serious 
difficulties. All the operations in the mines are performed mechanically, 
except loading, this of course being the last step in mechanization. 

Many types of mechanical loaders have been investigated but a 
design to meet the needs of this field has not yet been found. At the 
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present time experiments are in progress with a type of nie and ‘<a 


loader which seems suited to the conditions. 


The exclusive use of compressed air at the working face, entailing SS 


as it does large and cumbersome machines, compared with the smaller 
and more compact electric motors’ operates against the ready application 
of mechanical loaders and conveyors. Undoubtedly as operators and 
workmen become more familiar with the use of electricity underground 
its application will be extended to the working face. 

The laying of coal dust incident to face-working by means of sprinkling 
and further precautions by means of stone-dusting would, in our opinion, 
render such installations safe. On the other hand, it must not be for- 
gotten that the inclination of the seams and the necessity for close 

timbering does not give the electric machine the advantages it has in 
flat seams and where good roof conditions obtain. 

Reference has been made in this paper to a line 3 miles seaward 
from the shore. This is not necessarily the economic mining limit, 
although the writer does regard this as approximately the economic 
limit of our present mines. To win an extended area beyond this, say 
from 3 to 6 miles from the shore, does not offer insuperable engineering 
difficulties, although at the present value of coal it is not economically 
feasible to do so. 

The method of approach would probably be by deep land shafts and 
long cross-measures drifts intersecting the most valuable seam at a 
distance of 5 miles from the shore. Such a mine would of necessity be 
a large producer and would require a sea frontage of at least 3 miles on 
each side of the point of entry by the drifts. 

If the shafts were sunk at a point where the Phalen seam has a cover 
of 500 ft. and the drifts given a rising grade of 449 per cent., the drifts 
would intersect the Phalen seam with about. 2100 ft. of cover and necessi- 
tate the sinking of the shafts to a depth of 2200 feet. This operation 
would make possible the winning of the Phalen, Harbor and Hub seams, 
the two latter overlying the Phalen at 450 and 830 ft. , respectively. The 
output would be 8000 tons per shift or 16,000 tons per day. Transpor- 
tation would be-by trolley locomotive Kanides and would necessitate 
the employment of probably eight main line locomotives. The over- 
burden would not be excessive, the method of working could only be 
determined when the seams were reached, but it would be some type 
of longwall. 

The most difficult problem would be that of ventilation. For a 
colliery such as is outlined above, the quantity of air required would 
be 500,000 cu. ft. per min. If this were passed through two intakes 
and two returns each 250 sq. ft. in section, the resistance would equal 
17 in. of water gage. With the air split at the entry to the seam the 
resistance of the inside workings would in all probability not exceed 
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6 in., giving a total resistance of 23 in. It is evident that in addition 
to an exhaust and forcing fan at the return and intake shafts, respectively, 
another booster fan at the entry to the seam would be necessary to 
keep down the pressure on the air to workable limits. 

The use of liquid air both as a cooling agent and as an auxiliary to 
the regular ventilating current may offer possibilities when long distance 
submarine mining becomes necessary in this field. At the present time 
the cost would be prohibitive. 

Very little study has been given to ane subject. It is primarily an 
economic rather than an engineering problem. 


DISCUSSION 
R. D. Hatt, New York, N. Y. (written root: —tThe difficulties in con- 


trolling a marly roof are well illustrated by the author. It is to be regretted that he 


did not find opportunity to dilate on the intricate mechanics of the roof action which 
such an expansive material causes. Perhaps I may be pardoned for discussing this 
matter at some length, for expansive materials are found in many roofs, and little or 
no study has been devoted to them. An inquiry into this quality of mine roofs and 
its effects might be conducted with advantage. 

In some roofs, such as those at Gallup, N. M., and at Dawson in the same state, 
the expansive quality of the roof produces extraordinary phenomena which need not 
be discussed here. I cannot refrain, however, from making reference to the experi- 
ments in Great Britain which have shown that even coal expands sometimes as much 
as 2 per cent. when it is wetted. 

If the lower part of the roof on being exposed to the mine atmosphere should 
expand over the pillars it would raise the roof against its own weet unless the pillars 
would crush or embed themselves in the 
floor or do both. Moreover, though the 
lifting action would be confined to the 
area mined it is possible to conceive that 
the roof would be raised over both the 
unmined and mined areas (Fig. 21). This 
however is unlikely. It is more likely 
that the roof would be flexed upward or 
“hogged” (Fig. 22). The raising of the 
roof and the flexing arising from that Rachel 2M eéeiert node arrour 
action woull bring a heavy load-on the yyrxine or MUST LIFT IT AS IN Fia. 22. 
pillars. It must be remembered, how- 
ever, that the vertical expansion is at a maximum at the pillar edges and at a minimum 
in the center of the pillar. The edges expand and the swelling being hindered by 
the pressure of the roof causes the rock to bulge or bend into the space above the 
roadway, to which movement the only resistance is the inherent strength of the 
expanding rock. The lifting of the roof is thus made problematical. 

An effort has been made in Fig. 22 to show what would happen if the lower part 
of the roof expanded z inches and the pillars did not crush or sink in the floor under 
the load. The assumption is made that the expansions over pillars B, C and D and 
on the interior edges of pillars A and # are equal. Then the points above A and E, 
namely A’ and E’, would be fulcrums of distortion on which the rock above would be 
bent. Provided there were no weight to the roof, the curve assumed would be 
A'F'E’. However, as the roof has considerable weight, it might be that at the center 


Unexpanded 
“Thickness yo @xpanded thickness 


of the partly mined area, namely at 0’ 
‘expansion of x inches would place it. ' 1 th 
A A'C'E’, a broken-backed anticline. : culls. th aa 
fl As the pressure would be relieved on B, C and D pillars it i 
large a load would fall on the edges of A and #. It might easily 
would be where there is no expansion. It is as difficult to loop a steel spr. 

as downward. It is as difficult to cause a roof to hog as to sag. The strains re 
from expansion must be clearly apprehended or some of the conclusions ] 

i may be held improbable. As the immediate roof over room pillars probably 
expands to such an extent as to raise the surface, the illustration merely afi 
suggestion of the stresses that will come upon props.and timber sets which atte 


sete 


to hold up the immediate roof during the expansion from exposure to the mine air. ’ 
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Fig. 22.—AssUMING PILLARS DO NOT CRUSH OR SINK IN FLOOR, BEAM IS HOGGED AT 
EDGE OF BARRIER PILLAR. ‘ 


It is easy to understand that timber sets and props will be demolished by the load 
brought to bear on them unless certain precautions are taken to reduce that load, 
and not even then if the expansion is extreme. It is well known that props do not 
hold up the roof but merely the rock which draws from the roof for any one of several 
reasons or under any one of several occasions into which it is not well here and now to 
enter. The rock that draws from the roof may be a few inches to perhaps 100 ft. 
thick depending on the circumstances which cause the separation of the two. The 
draw slate may be compared to the plaster on the ceiling of a hall or room. The 
props are intended to hold, as it were, the plaster and not the ceiling itself. 

If, however, the main roof comes down so far that the flexibility of the prop, or its 
compressibility or the compressibility or extrudability of its base, cannot provide the 
prop with an opportunity to “beat a well-organized retreat,” so to speak, before the 
overwhelming load the whole weight falls on the prop and it is destroyed. That is 
sure to happen eventually to any prop left in place where the pillars are removed, but 
it will not in first mining occur so rapidly and surely with inexpansible roof as it will 
where the roof expands. It will happen then even if the place is only 8 or 10 ft. wide. 
The prop which is able to uphold only a few tons or feet of rock is called upon to sup- 
port the entire roof above it and even to aid in flexing the roof upward, at least 
in places. 

That is one reason for setting loose props, for placing pointed props that will 
penetrate the floor or will broom under pressure or do both, for omitting floor boards 


: 
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on soft clay bottoms and for introducing, in some cases, props with sliding members, 


wedges and compressible and expressible materials which props will shorten when any 
weight greater than they are intended to sustain is laid upon them. 

Just what action should be taken to protect a room against the effect of roof 
expansion will have to be determined in any case. A tight prop saves the roof from 
being exposed to the air except surficially and so prevents blistering, because any 
post will hold up a thin layer that tries to sag. On the other hand, a badly swelling 
roof will sag between even close supports, and the props will not save it from breakage. 
Consequently the expansion over the prop will be excessive. 

Apparently at the Nova Scotia mines described by Mr. Hay, the lime in the marly 
roof has been more or less leached near the exposed edges of the coal field just as it 
has been leached near the outcrop from 
the ironstone in the Birmingham iron ore 
fields. Thus the roof under deeper cover, 
because it contains lime or at least more 
lime than it does near the surface, is more 
treacherous than under shallower cover 
which is a somewhat unusual condition. A 
similar difficulty occurs with the floor. 

However, Mr. Hay does not chance thus 
to describe it but merely says! “Coinci- g 
dent with an increase in cover the roof 
shales became weak and in some cases the 
floor, which varies from fireclay to shale, 
also weakened, and serious difficulty was 


Even in narrow-work development places 
it was necessary to support the roof with 
steel rails weighing 85 lb. per yard, used as 
booms and set at 1-ft. centers.”’ = 
That the weakness is not inherent but ,¢ 
is due to an expansive rock is suggested by 
the sentence following: ‘‘Sometimes relief 


Section XY with caving 


was got by driving an additional narrow 
place parallel to and slightly in advance 
of the main road. This place was allowed 


Fig. 23.—SUGGESTING WAY IN WHICH 
SAGGING IS PREVENTED AT Nova SCOTIA 
MINES. 


to collapse every 80 ft. or thereabouts and 
appeared to relieve the pressure somewhat on adjacent roads.”’ 

The fact that work on an adjacent road prevented rock falls in the other roads 
suggests that the rock was not inherently weak, and Fig. 23 has been drawn to show 
the actual situation, at least as it commends itself to me, Fig. 23a shows such an 
entry and Fig. 230 a cross-section with all three headings standing open. The expan- 
sion has caused a sagging of the roof. A sag may arise from vertical or lateral expan- 
sion, but in the first instance it probably comes largely from the latter because only 
the exposed surface is at first affected. Suppose the skin affected is 3 in. thick, the 
vertical expansion if 2 per cent., will be only 3 X 0.02 in. or 0.06 in., about }{¢ in., 
and the lateral expansion will be over 120 in. in a 10-ft. entry and will be 120 x 0.02 
or 2.4in. Such an expansion would cause the rock layer if it drooped in a vertical 
are to descend 1 ft. in the center of the airway. A layer thus bent would probably 
break and fall. It would not bring much pressure to bear if kept in its original 
position by a crossbeam but if not well sustained it would expand a little, lower a 


1 See page 50. 
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little, crevice a little, expand some more, lower still more, crevice 
fall. In doing so it would open up the mass to further lateral expansior Kant 
crevicing with an increase of vertical expansion. Against this action, early, « 


be caved before the other places come abreast of it. 
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Glongation Per Cent 
Fia. 24.—SaG FoR ANY GIVEN PERCENTAGE ELONGATION. 


Mr. Hay says that, at Princess colliery, rooms could not be driven satisfactorily 
even a length of 200 ft. ‘‘Frequently the roof would collapse, shearing at the ribs, 
or the floor would give way and heave, almost entirely closing the place overnight.” 
These are natural results of vertical expansion. The expanded materiakshears itself 
free of the unexpanded. When it expands over the pillar it bends outward, just as 
the rock over the opening bends downward, and in consequence the rock over the 
pillar edges may fall out into the heading. 

“Ribbing in,” says Mr. Hay—‘‘skipping the pillar’? we would term it—was 
necessary at considerable cost and even then a large percentage of the coal was lost. 
“Under these conditions it was necessary to change the system of mining and a start 
was made on the longwall method in 1923.” 

Why is longwall advancing the preferred method? It is true that it has been 
found the more successful system. It is probably true in fact, as J. F. K. Brown 
remarked recently, that it was the salvation of the situation in Nova Scotia. But 
why? This seems to be the explanation. The rooms which were subject to falls 
are now replaced by gateways which are surrounded by fallen goaf into which the roof 
above the gateways can expand laterally. So much for lateral expansion. Vertical 
expansion also produces less trouble than it would with ribs which resist compression. 
The packwalls on either side give way sufficiently to enable the rock over them to 
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expand in step with the rock over the roadway. The roadways also are fewer and so 


_ can be better watched and less expensively protected. 


By advancing rapidly, new roof can be provided constantly at the face. Under 
this the men can work in safety. The rigidly timbered roof near the face wall will 


not expand unduly until the face has moved forward and the timbers have been 


removed. The roof having broken, toward the gob, expansion in that direction is 
possible. Only vertical expansion can make trouble and that is roughly proportional 
to the time of exposure which in turn is proportional to the distance from the face 
so that the expansion can take place without strain. 

I have prepared some figures illustrating the sag due to certain expansions (see 
also Fig. 24): 
ree eee a SS ae es ea etn 


Expansion, Per Cent. Ratio of Expansion, | 548 for AO te Opening, | Sag for ee Opening, 
0.001 0.00001 0.5 4.6* 
0.01 0.0001 0.8 8.4* 
0.02 0.0002 Lee iE 
0.03 0.0003 1s (hope 
0.04 0.0004 ee 1.4 
0.05 0.0005 1.9 1.6 
0.06 0.0006 2.1 art 
0.07 0.0007 2.3 1.9 
0 08 0.0008 2.4 2.0 
0.09 0.0009 2.6 eal 
0.10 0.001 eel 22, 
1.00 0.01 8.5 fe ites! 
2.00 0.02 12h 10.05 
3.00 0.03 
4.00 0.04 17.1 14.3 

* Inches. 


The smallest of the expansions listed, 0.001 per cent., is about that which would be 
obtained by raising the temperature of rock 1° C., for Prof. W. J. M. Rankine in “‘A 
Manual of Civil Engineering,” quotes Mr. Adie as saying that sandstone expands 
0.0009 to 0.0012 per cent. and slate 0.00104 per cent. between 0 and 100° or an average 
of about 0.001 per cent. for 100° and 0.00001 per cent. for 1°. When a place is 
first excavated in the bed the introduction of air conceivably might change the 
temperature of the rock exposed about 10°. This would bring quite a strain on the 
rock surface as the estimate of sag, namely 0.8 in. in a 10-ft. opening, suggests. In 
some cases perhaps the expansion of the rock from chemical action may offset the 
expansion from change in temperature and in others the two may act conjointly, to 
increase the expansion. Attempts have rarely been made in this country to measure 
either the natural roof temperatures or the expansion from the physical or chemical 
effects of wetting or air slaking. -The figures show how important the effects of a 


- slight expansion or contraction are. They also show that the flexing is not pro- 


portional to the expansion or contraction but is greater for smaller expansions or 
contractions. By increasing the expansion from 0.001 to 4 per cent., or 4000 times, 
the sag is increased from about 0.5 to about 17.1-in., or only about 34 times, and if 
the table were carried further the result would be even more marked. The flexing 
is great with extremely small percentages of expansion or contraction. 


Barrier Pillar Legislation in Pennsylvania 


By Grorcs H. Asuiey,* Harrispure, Pa. 
(New York Meeting, February, 1930) 


Tue Legislature of the Commonwealth of Pennsylvania at its last 
session passed a new act dealing with barrier pillars, which may have a 
wide interest in other states. In the past the laws of Pennsylvania 
have required that the superintendent of a mine “shall not permit the 
mining of coal within 50 ft. of any abandoned mine containing a dangerous 
accumulation of water, until said danger has been removed by driving a 
passageway to tap and drain off said water, as provided for in this act: 
Provided, That the thickness of the barrier pillars shall be greater and 
shall be in proportion of one foot of pillar thickness to each one and 
one-quarter feet of water head, if in the judgment of the engineer of 
the property and that of the district inspector it is necessary for the 
safety of the persons working in the mine.” 

Thus it has happened that a thickness of several hundred feet has 
necessarily been left in pillars in mining. It has seemed to many in 
the mining industry that this left an unnecessary amount of coal in 
pillars, and did not provide that the pillar be left equally on the two 
sides of the mine. As a result the General Assembly of 1927 by Joint 
Resolution authorized the Governor to appoint a Commission of “‘seven 
prominent citizens, of whom four shall be recognized mining engineers, 
one shall be a hydraulic engineer, one a geologist of recognized standing 
in his profession, and one a State mine inspector from the bituminous 
coal mining district, to investigate and report upon barrier pillars in the 
bituminous coal region.’”” The Governor appointed the following 
Commission: Morris Coulter, Clearfield Bituminous Coal Corp., Indiana 
Pa.; A. E. Roberts, Monroe Coal Mining Co., Revloc, Pa.; George T. 
Lewis, Westmoreland Coal Co., Irwin, Pa.; Morris Knowles, byron 
engineer, Pittsburgh, Pa.; Thomas A. Mather, State Inspector of Mines 
Tyrone, Pa.; A. B. Jessup, Anthracite Coal Operators Association, 
Jeddo, Pa.; George H. Ashley, State Geologist, Harrisburg, Pa Mr. 
Coulter was elected Chairman and Mr. Ashley, Secretary. atm . 

This Commission held meetings in Harrisburg, Johnstown and 
Pittsburgh. It obtained and considered the laws and experiences of 
other states and European countries. Some of its members conferred 
at length with the directors and other members of the U. 8. Bureau 
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of Mines and U. S. Bureau of Standards, and the Commission had and 
used the results of tests on coal and other studies carried on by those. 


bureaus. Members of the Commission attended a symposium on the 


subject of barrier pillars especially set up for the Commission by the 


American Institute of Mining and Metallurgical Engineers and a similar 


meeting held under the auspices of that Institute on ground movement 


and subsidence. The minutes of these meetings were graciously put 
in the hands of the Commission. From many sources came data dealing 
with the strength of coal, experience with barrier pillars and much other 
desirable and necessary information. 

After preliminary discussions, the Commission prepared a ques- 
tionnaire which was sent to all of the bituminous mining companies 
of the State, and received in return a large amount of information and 
recital of experience. Later two largely attended all-day public hearings 
were held, one in Pittsburgh and one in Johnstown. At the request 
of the Commission George 8. Rice, Chief Mining Engineer, U. S. Bureau 
of Mines, during a European trip made a special study and inquiry of 
experience in England and elsewhere. 

As a result of a study of all the information thus accumulated, the 
following general conclusions were reached: 

1. The Commission found no record of a single instance in which 
water accumulated in one mine has broken through or pushed out an 
undisturbed barrier pillar with fatal results to men in lower workings, 
even though in some instances subsequent mining revealed that at points 
the pillar had been reduced to 10 ft. or less. 

A report covering 84 drowning disasters in England showed that all 
but 18 were due to mining through into flooded workings where mine 
maps of those workings were faulty or lacking. The 18 were cases 
of running into water-bearing strata over denuded coal, or into faulty 
and dislocated strata. U.S. Bureau of Mines Bulletin 115 lists seven 
drowning catastrophies out of 308 major accidents. Three of these are 
listed as due to the inrush of surface waters or sand; of the four remaining, 
one was due to inrush of water from an old shaft. The other three were 


in Pennsylvania, and on investigation by the Commission, it was found 


that in each instance mining had been carried into forgotten or poorly 
mapped workings, “Through,” as one of the juries found, “misleading 


maps and drafts.” 
2. Experience shows that although thickness of pillar in some instances 


has an effect on the amount of seepage or flow of water through the strata, . 


in general it is not possible to prevent such flow by specifying a minimum 
thickness of pillar, as water has been known to flow an indefinite distance 
through the strata below and above the coal, and even through the joint- 
ing of the coal bed itself. Because of this, effort was concentrated on 
determining the minimum thickness of barrier pillar necessary to main- 
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tain itself indefinitely under the conditlons of bed section, character of 
coal, depth of cover, character of roof and floor existing at any place. 
"3. At the Pittsburgh hearing it seemed to be the consensus of opinion 
that a pillar 100 ft. in thicknesss is sufficient to maintain itself against 
any head of water, for any bed of coal up to 10 ft. thick, and that for 
thinner beds, or moderate heads of water, 50 ft. is ample, provided the 
integrity of the pillar can be insured. At Johnstown, opinion, though 
not so unanimously expressed, trended in the same direction and toward 
the same figures. 

4. The data obtained and general experience indicated that to main- 
tain intact at least a portion of the pillar would require a thicker pillar 
for a thick bed than for a thin bed, other things being equal. Also a 
thicker pillar would be required to maintain itself under heavy cover than 
under light cover. 

5. By a convergence of the evidence the Commission reached certain 
conclusions as to a safe minimum pillar for selected thicknesses of coal 
under selected depths of cover, assuming a large factor of safety to cover 
the less favorable conditions. 

6. Having reached these figures a rule or formula was devised that, as 
closely as possible, just covered these determined minimum requirements. 
Briefly, it is that the minimum pillar shall be not less than 20 ft., plus 
four times the thickness of the coal bed, plus 10 ft. for each 100 ft. or 
fraction thereof of cover at the boundary in question. 

7. Table 1 shows the application of this formula to various thicknesses 
of coal and depths of cover, it being understood that the act provides for 
one-half of the pillar to be left on each side of the property boundary line, 
save only where prevented by mining done prior to the approval of this act. 


TABLE 1.—Proposed Thickness of Barrier Pillars 


Thickness of Cover, Ft. 
mipoknes of Bed, : 
‘ 100 200 300 400 500 600 | 700 | 800 | 900 1000 
1 34 44 54 64 74 84 94 104 114 124 
2 38 48 58 68 78 88 98 | 108 ; 118 | 128 
3 42 52 §2 (@? 82 92 102 112 122 132 
4 46 56 66 76 86 96 | 106 | 116 | 126 | 136 
5 50 60 70 80 90 | 100 | 110 | 120 | 130 | 140 
6 54 64 74 84 94 104 114 124 134 144 
iG 58 68 78 88 98 | 108 | 118 | 128 | 1388 | 148 
8 62 72 82 92 102 112 122 132 142 152 
9 66 76 86 96 106 116 126 136 146 156 
10 70 80 90 100 120 130 140 150 160 


ne a oe ee ee 
8. It is recognized that in areas of crushed or faulty coal, or where 
coal is subject to squeezing, it is not possible to prescribe a general rule 
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that will apply to all cases without making the rule burdensome under 
| normal conditions. The proposed act, therefore, provides for the excep- 
4 tional case as well as the normal. 
1 9. The Commission also wishes to call attention to the figure 12, in 
Section 17 of Article [V, same act, and to recommend that that figure be 
. increased to 20. The figure refers to the distance to which drilling must 
be maintained ahead of workings designed to tap water in abandoned 
workings. Under present-day mining methods, using up to 9-ft. under- 
cuts, this may leave only just over 3 ft. of coal, which might conceivably 
blow out into the flooded mine. It is believed that the proposed figure 
- of 20 ft. will greatly increase the safety of tapping old workings. 

On the basis of these findings the Commission prepared a proposed 
act. After the printing and distribution of this act members of the 
mining fraternity of western Pennsylvania asked for additional hearings, 
and two such additional hearings were held leading to some modifications 
of the act as originally proposed. 

The act as passed, is here given in full. Words in brackets are words 
or clauses omitted from previous acts. 


No. 190 
AN ACT 


To amend section five of article three, and section seventeen of article four, of the act, approved the 
ninth day of June, one thousand nine hundred and eleven (Pamphlet Laws, seven hundred fifty-six), 
entitled ‘‘An act to provide for the health and safety of persons employed in and about the bitu- 
minous coal-mines of Pennsylvania, and for the protection and preservation of property connected 
therewith,” further regulating barrier pillars on certain property lines and providing procedure for 
the settlement of disputes. 

Section 1. Be it enacted, &c., That section five of article three of the act, 
approved the ninth day of June, one thousand nine hundred and eleven (Pamphlet 
Laws, seven hundred fifty-six), entitled ‘‘An act to provide for the health and safety 
of persons employed in and about the bituminous coal-mines of Pennsylvania, and 
for the protection and preservation of property connected therewith,” is hereby 
amended to read as follows: 

Section 5. The superintendent shall not permit the mining of coal within fifty 
feet of any abandoned mine or an abandoned portion of any mine containing a danger- 
ous accumulation of water, until said danger has been removed by driving a passage- 
way to tap and drain off said water, as provided for in this act. [Provided, That the 
thickness of the barrier pillars shall be greater and shall be in proportion of one foot of 
pillar thickness to each one and one-quarter feet of water head, if in the judgment of 
the engineer of the property and that of the district inspector it is necessary for the 
safety of persons working in the mine.] The superintendent shall not permit the mining 
of coal in any seam the entire distance to a property boundary line (not including bounda- 
ries around reservations or along crop lines), when, on the adjoining property there are 
mine workings in said seam within three thousand feet of said boundary line, but shall 
leave a barrier pillar, from the operation to the property boundary line, of not less than ten 
feet plus two feet for every foot or part of a foot of thickness of the bed measured from the 
roof to the floor, plus five feet for each one hundred feet or part of one hundred feet of cover 
over the bed at the boundary line; and, where the coal on one side of the property boundary 
line shall have been mined prior to the passage of this act closer to the property boundary 
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line than hereinbefore permitted, then the barrier pillar to be left in the mine ap 
the boundary line shall be at least equal (when added to that already left in the « dj 
f: mine) to that hereinbefore required on both sides of said property boundary line: Provi 


agreed by the superintendents of such adjoining coal mining properties that such property 
boundary line is so located that there is no danger to property or lives in mining coal on 
either or both sides of the property boundary line up to said property boundary line, then in 
such cases mining to the property boundary line shall be lawful, if all danger from accumu- 
lated water and gas shall have first been removed by driving a passageway to tap and drain 
off any accumulations of water and gas, as provided for in this act: Provided, That if any 
of the parties in interest fail to agree on the carrying out of any of the provisions of this act, 
any one of said parties may appeal to the Secretary of Mines, who shall appoint three 
reputable and competent mining engineers, who shall constitute a commission whose duty 
it shall be to investigate the conditions and determine the necessity for leaving barrier 
pillars, or a barrier pillar of greater thickness than is provided for tn this act, or the 
adequacy of an existing pillar to withstand a water head, as the case may be, and the deci- 
sion of said commission, or a majority of its members, shall be final and conclusive, and 
binding on all parties concerned. The members of the said commission shall be com- 
pensated for their services, by the property owners, in an amount to be fixed by the Secretary 
of Mines. Before any such appeal to the Secretary of Mines ts taken, notice thereof, in 
writing, shall be served personally or by registered mail on the opposite party, setting forth 
the date when such appeal will be taken, and proof of the service of such notice shall be filed 
with the appeal. 

Section 2. That section seventeen of article four of said act is hereby amended to r 
read as follows: 

Section 17. In any working place that is being driven within supposedly danger- 
ous proximity to an abandoned mine, or portion of an abandoned mine, suspected of 
containing explosive gas, or that may contain a dangerous accumulation of water the 
mine foreman shall see that at least two bore holes shall be maintained not less than 
[twelve] twenty feet in advance of the face, and, on each side of such working place, 
bore holes of the same depth shall be drilled diagonally, not more than eight feet 
apart, and any place driven to tap water or gas shall not be more than [eight] ten feet 
wide. No water or gas from an abandoned mine, or portions of an abandoned mine, 
and no bore hole from the surface, shall be tapped until the employes, except those 
engaged at such work, are out of the mine, and such work shall be done under the 
immediate instruction and direction of the mine foreman, with the use of locked 
safety lamps. 

ApproveD-—The 10th day of April, A. D. 1929. 

ae JOHN 8. FISHER 
The foregoing is a true and correct copy of Act of the General Assembly No. 190. 
(Signed) Charles Johnson 
Secretary of the Commonwealth 


DISCUSSION 
Discussion at Annual Meeting, February, 1928 


G. 8. Rics, Washington, D. C.—This paper deals with a question of great impor- 
tance to coal-mining men, affecting, as it does, not only the safety of miners but also 
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the coal reserves, and it therefore deserves very careful consideration. Pennsylvania 
leads all of the states in the annual production of coal and has done so from the begin- 
ning of coal mining in this country. It is therefore natural that it has been a pioneer 
in coal mine legislation in the United States. Hence it was deemed advisable by 
the Institute committee that the problem of barrier pillars in coal mines brought 
forward by the recent legislation in Pennsylvania should be fully discussed to deter- 
mine to what extent the provisions of the act may be applicable in coal mines in other 
states. 

As Dr. Ashley has mentioned in his paper, the general subject was discussed by this 
committee in February, 1928, following an informal presentation of the matter by 
him, and some of the points brought forward at that meeting, by coal-mining men of 
wide experience, were considered by the committee as worthy of preservation. This 
discussion of 1928 follows: 


G. H. Asuiry.—The bituminious act (that effective prior to 1929) provided, in 
Art. IIT, Sec. 5, that a barrier pillar of not less than 50 ft. should be left and that 
where it was below water level it should have a thickness of not less than 4 ft. for every 
5 ft. or that equivalent, 1 for every 1}4 ft. of water head unless the engineer of the 
company concerned and the mine inspector for that district should agree upon some 
modification of that rule. For example, a 400-ft. pillar would be required for a depth 
of 500 feet. 

The agreement relating to pillars between the properties of certain companies, 
made by the engineers of several of the anthracite companies, with the state mine 
inspector of that district, provides that the thickness of barrier pillars shall be five 
times the thickness of the bed at water level, and below water level, plus one per cent. 
of the water head. For a bed only 8 ft. thick, which is common in the central Penn- 
sylvania bituminous field—3 x 5 is 15, and under a 500-ft. head it would be 5 ft. 
more—a 20-ft. pillar would serve, whereas under the bituminous rules at present 
(Feb., 1929) a 400-ft. pillar would be required. 

It is that sort of thing which has led so many people to think that our present rule is 
excessive in its demands. Furthermore, the bituminous rule does not require that the 
pillar be equally divided between adjoining properties. It only provides that a prop- 
erty being mined up to another property in which there is accumulated water, must not 
leave a pillar less than the provision made. The anthracite law, on the other hand, 
does provide that the barrier pillar shall be agreed upon between the chief engineers of 
the two properties in conjunction with the mine inspector of that district, so it is there 
evenly divided. 


T. A. Marner, Tyrone, Pa.—The Pennsylvania bituminous act (prior to 1929) 
was based on the theory that we should leave an equal weight of the coal to equalize 
the head of water. As you are aware, water weighs 6214 Ib. per cu. ft. and coal about 
79 to 80 lb. per cu. ft.; accordingly by weight it requires 114 cu. ft. of water to equal 
1 cu. ft. of coal. So, the theory was that a water head in excess of this ratio would 
be able to move a block of coal that was assumed to be free to lift or slide. 


G. H. Asutey.—We have been taking the advice of Mr. Knowles, a hydraulic 
engineer, who is a member of the Commission, that a barrier pillar under the condition 
in which it exists in the mine does not serve likea gravity dam in the sense of a hydraulic 
dam where weight against water is the determining factor, but as a beam from roof 
to floor because it is weighted on top. The weight of rock exceeds by 2}4 times the 
weight of water, so it becomes a question of internal resistance to frictional sliding or 
the strength of coal as a beam to resist shearing stress applied parallel to the bedding. 

The feeling we had as we discussed the matter was that in the solid bed we are 
concerned with free partings or soft material softened by the water or something of 
that kind, and the hydraulic strength required of a barrier pillar from the standpoint of 


’ withstanding a water head would be small as compared with the strength of pillar 
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needed to maintain its integrity under load, when the adjacent fol 31 
as the roof settles. So the problem appears to be largely one of having a 
which will stand the spalling and roof action that may take place during or 
mining along its side and still give sufficient strength to maintain itself inde a 

W. E. Fout, Pittsburgh, Pa.—So far as you have gone, then, your thought is thi a 
if the pillar is able to support the roof, it is more than able to withstand the 
water pressure? : wit 

G. H. Asutry.—Yes. As I said, that perhaps needs checking up on the figures 
but that is the impression we had. ; : 

H. G. Moutron, New York, N. Y.—I should think that the committee might 
agree that the smaller you can make barrier pillars and have them safe, the better 
we can approve them as a committee, in order that the coal may be conserved. 


GH. Asuiey.—If you figure on a 48-acre tract, with a 400-ft. pillar under a 500-ft. 
head, it means you leave a third of the coal; if you have a 160-acre tract, you would 
leave a sixth of the coal. That is the loss you are trying to avoid. 


G. S. Ricr.—In western Pennsylvania do you not have coal in Greene County 
which is much deeper than 500 ft., and which would therefore cause still larger losses 
of coal reserves in barrier pillars? 


G. H. Asuiey.—Yes, the Pittsburgh bed is 1,000 ft. below drainage besides the 
additional height of the hills. 


G. S. Ricz.—Is it not probable that still lower beds may be found that under future 
market conditions may be workable? 


G. H. AsHtey —There are the Lower and Upper Freeport coals which we know 
little about, but oil and gas drilling indicates 6 ft. of material which is called “‘coal,”’ . 
It may be or may not be workable. This is 600 ft. below the Pittsburgh bed. Other 
beds below that may prove to be workable, although the drill records do not usually 
indicate workable coal. 


G. 8. Ricz.—You perhaps might have as much as a 1000-ft. head of water in r 
the future? 


G. H. AsHtEY.—Yes, we may have 1000 to 2000 in the future. 


H. G. Movutron.—Is the Commission giving consideration to the inclusion of a 
rather complete collection of all known failures of pillars? 


G. H. Asitry.—That is one of the things we are peculiarly interested in getting. 
Mr. Thomas, of the State Mine Inspectors, has made the statement that so far as we 
know there never has been a failure of a barrier pillar because of thinness. It may leak 
but it has never failed in the sense of giving way. 


G. S. Ricz.—May I ask, if you have a failure in an anthracite pillar, such as a 
member of this committee informally indicated has occurred, whether it would be a 
fair presumption that a bituminous pillar under the same conditions would fail? 


G. H. Asnirey.—As I understood it, that was not a failure in the sense of the 
barrier giving way. 


A. B. Jussup, Jeddo, Pa.—That is true but leakage is total. It is a complete . 
success as far as leakage is concerned. 


G. H. Asniry.—I want to ask in regard to that whether, from the situation as 
described, one might be led to infer, that thickness of pillar had little to do with the leak- 
age; that the pillar in question would have leaked if it had been twice as thick. 


A. B, Jessup.—The leakage is apparently through the strata immediately over 
the seam of coal and not through the coal itself. The barrier is 200 ft. thick at that 
point, the seam 14 ft. thick and the head not more than 200 ft. It is in a V-shaped 
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basin. The coal pillar is far too thick to be crushed by the weight of cover or to 


give way under the head of water and it does not leak, but this mass of solid coal 


is utterly ineffective in preventing inflow of water. The water runs between layers 
of roof slate and drops down through jointings several hundred feet beyond the barrier. 


T. A. Maruer.—I do not think the thickness of a barrier has any bearing whatever 
on the amount of leakage that may have occurred through the pillar or through the 
overlying and underlying strata. There were in the anthracite district a number 
of cases where there was over 900 ft. laterally of coal but leakage of water occurred. 


G. H. AsuiEy.—Geologically we have come to look upon coal as not unlike 
sandstone as a water carrier because it is usually underlain by a clay that will not 
permit movement of water. In field work we constantly trace the outcrop of coal: 
beds by the springs if we are working on the down-dip outcrop of the coal, indicating 
how universally it is a water carrier. In that case, of course, it may be unmined coal, 


- so that the thickness away from the crop has nothing whatever to do with it. 


G. 8. Ricz.—I suppose the Commission, while not hoping to make water-tight 
barrier pillars, does give consideration to a strength of pillar that will prevent the 
danger of sudden rushes and flooding. Such cases in coal mines fortunately have been 
rare in this country, but metal mines in the North have experienced disastrous 
rushes of water from glacial drift. There have been some disasters of this kind in 
English mines through mining too close to areas which have been filled with water. 
The only record that I recall of a serious disaster by flooding in the bituminous mines 
in this country was in Northern Illinois where a break of shallow surface, not a pillar, 
let in a flooded stream which drowned 69 men; that was in 1883. In the anthracite 
district, there was, I believe, an inrush of quicksand at Nanticoke, in 1885, in which 
26 men were lost, but I understand this also was not a case of a pillar giving way. 


G. H. Asaitry.—Of course, the primary thought is this question of safety to life 
rather perhaps than the economic side of pumping water from another’s property. 

The bituminous field in Pennsylvania differs from the anthracite where there are 
water-bearing sands, as in the Wyoming Valley, and from northern Illinois and other 
fields where the drift has considerable depth. In the bituminous fields of Penn- 
sylvania, there are considerable depths of sands only in the valleys of the Allegheny 
and Ohio rivers—not over perhaps 25 ft. in the Allegheny but reaching to a depth 
of 150 to 180 ft. possibly in the Ohio. But those cases, unless we set our barrier 
pillars under the river itself, would hardly come under the general problem of safety 
in mining. I think our task is not to guard against the surface cave-in, but to consider 
only the strength of the barrier pillars within the coal bed, which will prevent danger 
to life from the giving way under water head and this concerns the integrity of the 
pillar itself to resist crush. 

G. S. Rice.—When Dr. Ashley and other members of the Commission visited 
the Bureau of Mines and other bureaus soon after their appointment, one of the 
problems discussed was whether physical tests of the strength of coal should be made, 
considering it not only as a pillar supporting a heavy overburden, but also as a beam 
extending from floor to roof to resist the hydraulic pressure. It was agreed the former 
was the critical question, but how was the compressive strength to be tested? By 
small cubes or columns in a compressive testing machine and if not, by what method? 

I then expressed views based on observing and studying many tests of speci- 
mens, in cubical form or columnar form, beginning with testing carried on for the 
Pennsylvania Anthracite Mine Cave Commission in 1913, jointly by the Bureau of 
Mines and Bureau of Standards at Pittsburgh,’ that the test data thus obtained 
do not provide proper criteria for the strength of mine pillars. 


1 Tests of Strength of Roof Supports Used in Anthracite Mines of Pennsylvania. 
U. §. Bur. Mines Bull. 303 (April, 1928; printed 1929). 


‘Aldhoueli the method ge ymne thi 
strength of building material, in the me ete 
apparent to me that the method is unsuitabl = aa 
mine pillar. 

a I stated in a vieeriow! of the Compressive Bintarthi of Anthracite 
Coals and Mine Supports, contained in an explanatory introduction i Bul 
“Tf a coal pillar is left of sufficient size, so that the spalling or crus 
edges will not affect the interior, the average unit strength will be far higher 
that Genelonedis in a compressive machine by a specimen that is free to ruptur 
four sides.” nite 

On the other hand, if a coal bed contains a clay parting, or the bed is ae or me ~ 
underlain with a plastic clay, when in a mine pillar under heavy load, the clay flows. 
slowly toward the free faces of the pillar. If the coal bed has faces or vertical joints as" 
most coals do, the movement of the clay tends to force off slabs from the faces of : 
the pillars. 

These conditions cannot be duplicated by relatively small blocks of coal in a com- 
pression machine. Ift he blocks are small, they do not contain the natural joint 
planes; on the other hand, it is impossible to cut out large blocks, remove them from the 
mine and place them in the machine without some opening of the joints. These troubles 
were experienced in the U. S. Bureau of Mines compressive tests of Pittsburgh coal. 

These views evidently coincided with those of the Commission, and the proposal 
of testing the strength of coal under compression was dropped. 

There was some discussion about making tests at the Bruceton Experimental Mine 
of the strength of pillars as a dam, the proposal being to create artifical water heads 
by pumping until the respective test pillar gave way. The funds not being available, 
the matter had to be dropped, but I was requested to investigate the status of barrier 
pillars in European mines, incidental to a visit I had been detailed to make. 

The results of the inquiry in Europe was as follows: In Great Britaim, questions of 
the size of barrier and boundary pillars have been raised from time to time, especially 
in connection with preventing water from passing from one mine to an adjacent mine 
further down the dip of the coal bed. There also has been legislation on questions 
relating to the size of pillars for support of railways and canals. 

So far as boundary pillars are concerned, there is no specific law on the subject, 
but the general rule is that the owners of the coal in the ground insist when leasing, 
that a pillar of coal should be left by the lessee along the boundary. On the other 
hand, where there is no proviso, the colliery may work the coal to the boundary. 
In the opinion of Prof. Henry Louis, an eminent mining engineer and a member of the 
Government Commission on the support of railways and canals, if boundary pillars 
are to be left at all, they must be strong enough to resist permanently superincumbent 
pressure. This, to his mind, is a question that could not possibly be answered in 
general terms: the ultimate resistence of a pillar to crush, will depend upon immediate 
roof and the character of the workings on either side. For example, if the workings 
on either side of the pillar are closely stowed or packed, a narrower barrier pillar would 
be required than if the roof were unsupported by packing. Again, a roof that is 
brittle and breaks off short along the side of the boundary pillar would crush the pillar 
far less than a strong roof which would hang together on either side the pillar, and thus 
bring a greater weight upon the pillar. 

In the final report of the Coal Conservation Committee of the Ministry of Recon- 
struction (final report, 1918, page 55), the Committee recommended that the areas of 
pillars of coal left in bord and pillar workings at different depths from the surface, 
should be, speaking roughly, proportional to depth. This, however, does not have 
direct application to the question of the boundary requirement because in Great Bri- 
ain, that is a matter of private agreement between lessor and lessee. 


DISCUSSION. 85 


_It has been customary, however, in Great Britian, in the absence of the specific 

agreement, to leave a pillar 20 yards in thickness, 10 yards on either side of the 
boundary. ; 

Following the World War, in the evidence given in discussions before the Sankey 
Commission (1919), the Federation of Miners pointed out, as argument for the national- 
ization of the coal industry, including the taking over of coal rights, the wastage of coal 
left in barrier pillars between different holdings and the lack of economy in having 
numerous small pumping plants instead of a few highly efficient central plants. How- 
ever, most mining engineers who gave evidence, very strongly attacked this latter 
idea and showed that while there might be economies in the use of power in individual 
large central plants, there would be enormous losses of total power consumed if the 
water entering near the edges of basins was allowed to flow down, perhaps to a depth 
of several thousand feet before it was pumped out against this great head. 

Some very interesting facts were related in a paper, The Underground Barriers of 
the Cannock Chase Coalfield, by J. C. Forrest, which, with the discussion, appeared 
in the May, 1920, issue of the Transactions of the Institution of Mining Engineers 
(Great Britain). In this case, large barrier pillars were employed to prevent large 
flows of underground water from higher into lower mines of the basin. The conditions 
were complicated by profound geologic faults. Large barrier pillars were left adjacent 
to these faults. Mr. Forrest states (p. 117): 

“The barrier, to be of any use, should be sufficiently strong in each seam at the 
one point in a vertical line, and should usually be thicker in the bottom seams than in 
the top ones. I think a 60-yard barrier at a depth of 250 yards should hold back any 
water (the bulk of the barriers left are from 20 to 40 yards). But this does not always 
follow, as I have had to leave barriers much thicker in the upper seams because the 
workings in the lower seams had caused breaks higher up which it was unsafe to pass in 
working the upper seams.” 

Mr. Forrest also says that if a fault crosses a barrier it is necessary to thicken the 
barrier for some distance on either side, and if there should be a bed of ‘‘green rock”’ to 
form any part of the barrier, it would be necessary in that case to make the barrier 
at least four times the usual width. A map illustrating the situation shows barriers 
at different points in the coalfield, varying in thickness from 60 to 100 or more 
yards. 

Mr. Forrest sums up admirably the advantages of barriers used under the condi- 
tions, which represent a loss of only 14 per cent. of the coal area, as follows: 

“1. Dry pits, with untold comfort to workmen and to the animals employed. 

“2. Great saving in the cost of working the mines. 

“3. No necessity to raise as much water as coal. 

“4, Saving of at least 25 per cent. of the coal area that has been and is being 
worked.” By No. 4 is meant that some of the area would have been impossible to 
work because of the large amount of water which would be encountered. 

In the discussion which follows, Jonathan Hunter speaks of one case of a barrier 
pillar against a fault on the rise side which had to be left 200 yards or more in thickness. 
On the other hand, T. A. O’Donahue (p. 126) said he knew of one case where water 
with a head of 500 yards is being held back by a barrier only 30 yards wide. He adds 
that the 30-yard barrier has so far been successful in holding back the water for many 
years from a group of mines, but he thinks “most of us will admit it is a very narrow 
margin of safety.” sh ' ’ 

The general feeling of prominent British mining engineers with whom I have 
talked on the subject, is, that it is impossible to set down fixed figures for the proper 
thickness of barriers without knowing all of the conditions, viz., pitch of the coal 
bed, the thickness of the coal bed, whether there are other beds above or below, which 
have been mined or are to be mined, the method of mining and whether the workings 
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are stowed or packed, the hydraulic head to which the barriers might be subjected ’ 


and whether there are geologic faults, and the nature of these faults. ; 

France.—There is no private ownership in France of the coal in place, it is prac- 
tically leased by the Government; that is, concessions are given for an annual rental 
and tax on the net proceeds, and as the Government exercises close supervision as 
to how and where the coal is to be mined, each case of a barrier pillar is, I understand, 
considered on its own merit. 

Belgium.—In Belgium where the coal beds are so intersected by faults, and so 
folded that the dips are steep that it would be impossible to lay down any hard and 
fast dimensions for boundary pillars, the safety supervision by the Government is 
very close. : 

Germany.—In Germany, most of the coal resources are under private ownership 
as in Great Britain and in the older coal fields in Belgium. There are mining district 
safety regulations regarding minimum thickness of boundary pillars. In the Ruhr 
district, for example, boundary pillars are made 20 m. thick on either side of the 
boundary. In other words, in the absence of special arrangements, boundary pillars 
are 40 m. (132 ft.) thick. But, where there are questions of safety involved, as in 
the case of water held back by a boundary barrier, then it would be the subject of 
special action by the Chief Mine Inspector of the district. 

It may be pointed out that the coal fields of Europe are much more broken by 
faults, and there are usually many more workable seams in a basin than in the average 
coal field of the United States. Our coal reserves, while enormously greater than 
those of Europe, are more spread out, and with exceptions not concentrated in small 
areas. This makes the problem in European countries, so far as boundary pillars are 
concerned, a much more complicated matter than in the average coal field of the 
United States where the coal beds are approximately level. 

In the report of the (British) Minister of Reconstruction on the acquisition and 
valuation of land it is pointed out that if only a small percentage of the barrier coal 
could be worked there would be a great saving. The conditions under which 
barrier pillars were left are classified as (1) against danger of water, gas or underground 
fires, and, (2) to mark the boundary of the coal ownership, but the report indicates 
that it was mainly in the case of water barriers that the special problem arose. It 
recommends a survey of all barriers with a view to removal if unnecessary barriers 
were found and that an assurance fund be established to take care of the conditions 
of failures. 

In the evidence given before the Royal Commission on the Coal Industry (1925), 
different witnesses gave varying points of view on the need of barrier pillars. Sir 
Richard Redmayne, former Chief Inspector of Mines, commented that barriers 
are an arrangement made by royalty owners to safeguard their area and that barriers 
22 to 60 yards in thickness are left between respective properties. Under some con- 
ditions barriers can be removed by suitable arrangements for ventilation and drainage. 

Dr. J. S. Haldane, as President of the Institution of Mining Engineers, presented 
a general statement from its Council, which pointed out that it is very difficult to 
express an opinion on the redistribution or relocation of reserves and coal barriers. 
The Council considered that the use of central pumping stations was misunderstood, 
that they were valuable in effecting economies where the drainage waters could be 
assembled at such central plants without increasing the water head, but if the water 
had to be pumped from a greater depth, due to removal of barriers, the increased 
head would more than counterbalance any saving from the use of central pump- 
ing appliances. 

The Duke of Northumberland, an extensive royalty owner, commented that 
the barriers were left at a thickness of 30 to 40 yards on the boundaries, not merely 
as boundaries but as an essential part of the layout of the mines upon which drainage 
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and ventilation systems might depend and as safeguards against risks which might be 


accrued by adjacent workings in case of mines coming together. He further said, 


that the total area in the barriers is very large but when a barrier cannot be touched 
without endangering men, it must, of course, be maintained. 

Eyan Williams, President of the Mining Association of Great Britain, and W. A. 
Lee, Secretary, in a long statement regarding the state of the coal industry, said in 
reference to removal of barriers and of central pumping stations, that it was against 
the current practice to remove barriers, that the practice was to catch water as near 
the point of origin as possible. The Mining Association was opposed to the removal 
of barriers. 


A recent British report touching on the question of barriers, mentions the danger 


of a large volume of water being held at higher levels by barriers, but on the other 


hand, pointed out that by removal of barriers, that the deep workings naturally dry 
would be made wet, and moreover in certain cases, there would be the question of 
pumping water from depths of 2000 ft. or more. 

John C. Forrest pointed out that by removal of barriers in the Cannock Chase 
coal field, many collieries now working dry would be faced with the cost of pumping 
an extra 2000 tons of water a day. In some cases the barriers hold back feeders 
of 12,000 tons of water a day, and it is estimated it would cost $1000 daily to pump 
this amount of water from a depth of 350 yards. 


R. D. Hatt, New York, N. Y.—Much has been said about the condition of the 
roof and of the coal but nothing about the condition of the floor. It seems to me that 
is quite important. ; 

There is a great deal of exudation of the clay from underneath the coal and that 
has a double effect; it not only ceases to provide the support that would otherwise be 
obtained but it also thrusts out the coal ribs just as has been described by Mr. Rice 
in referring to testing the strength of coal. It has been found in England, that when 
in order to distribute the pressure properly, as they hope to do, they put lead plates 
underneath the material compressed, the latter does not stand nearly as much pressure 
as it would when it was on solid material, that the exudation of the lead from under- 
neath the steel weakened the specimen. 

Similarly, the clay under the coal in exuding tends to tear off pieces of the coal and 
to force the clay in between the various faces of the coal and in that way break it up. 
I think that is quite a consideration because we find the clay rising all around the 
pillar and there is a possibility also that through that there may be a passage of water 
underneath the pillar. That passage is probably not one that is dangerous to life, 
but it might be quite an important economic consideration. 

G. 8. Ricz.—The blocks tested for the Anthracite Mine Cave Commission were 
very carefully planed on the top and bottom, and were set in plaster of Paris above 
and below, not using lead. The block was put under slight compression while the 
plaster was ‘‘setting.” 

H. G. Moutron.—As to the effect of a testing machine on a cube of coal, I 
think you would get results more comparable with the behavior of coal in a 
pillar if the specimen tested in the machine had an area of~5 or 6 sq. ft. and a 
thickness of 1 or 2 in. 

It is possible that thin films of clay under slabs of coal having relative dimensions 
similar to those noted above could not be forced out under pressure. Of course, if 
it were possible to apply any testing on sheets of coal, even built-up sheets of height 
and width proportionate to the dimensions of the barrier, the testing machine might 
give more nearly comparable results. 

G. S. Ricz—That subject was discussed at a recent conference and the Bureau 
of Standards will consider the possibility of making tests of that kind on thin sheets, 


perhaps cutting out are one thin bencl test 
the test in the cube. suk 

As I have frequently stated, I believe eonpresdve tests ¢ 
represent pillars, should have dimensions proportionate to eae whic 
ous coal means widths at least five times the height. However, in 
I have grown skeptical of being able to cut specimens that are representativ 
in place. Coal is too easily fractured in handling. In reference to the 
~ pillars, you will recall that this committee had a very excellent paper by Dr. 
on ground movement and subsidence effects in iron mines in the Birmingham 
He showed the advantages of leaving loose material against the sides of the p 
order to get a certain amount of. confinement. Eli T. Conner of this committee, 
pointed out to me and other advisory engineers connected with the Scranton Min 
Cave Commission (1911-12) how disastrous has been the effect of pillar robbing along 
gangways when cleaning up along ribs and taking up some of the bottom coal has Z 
given an opportunity for the pillars under heavy load to spall off and start to crush. _ 
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A. B. Jessup.—I may say in regard to the particular case of a barrier pillar siencgan vt 
discussed, where leakage over the top was so bad, that while we were impressed with i 
the infallibility of the formula for anthracite barriers so far as safety was concerned, — 
yet we did not believe in it 100 per cent. in respect to leakage. “s 

We had had leakage over the top of a barrier 100 ft. thick at the other end of the 
mine so we made this one 200 ft. thick under similar conditions and complete leakage 
over the top again occurred. As we retreated from the barrier in drawing pillars we 
were safe enough from inrushes of water from the inundated mine which might 
endanger life but we had left 2 or 3 times as much coal behind in barriers as was 
necessary for safety without even holding the water back. Since we then had the 
inflow of the two mines to pump we have in mind putting down drill holes from the 
surface and flushing culm in with the idea of letting the water carry it into the cracks 
and possibly block them up. 

There is one point in connection with barrier pillars which should not be over 4 
looked. We consider that one of the values they have is to keep out the gases from - 
possible mine fire on the other side of the pillar. You must also have the pillar thick 
enough so that the fire will not creep through. For that reason barriers should be of | 
ample size above water level although the formula only gives a nominal thickness of 
pillar above water level disregarding depth below surface. Intact barriers are also 
of great value in case you have to flood a mine fire. If you want to flood your own 
mine, you do not have to ask the other fellow and you are not liable to have an injunc- 
tion served upon you which will prevent you from doing it. It is also much more 
feasible and quicker to fill your own mine than it is to fill yours and the adjoining one. 


G. 8. Ricr.— Was there any ground movement caused by mining out in the vicinity 
of the barrier pillar which leaked so badly—I mean ground movement of the over- 
burden above the barrier? 


A. B. Jessurp.—No, not above the barrier which was very thick considering it 
was only 200 ft. deep at the synclinal axis of a V-shaped basin. Water stood against 
the other side of the barrier in an abandoned mine. When the breast pillars of our 
mine had been drawn back for several hundred feet from the barrier and the roof had 
come down the water from the other mine ran over the coal barrier which remained 


2 W. R. Crane: Subsidence and Its Relation to Drainage in Red Iron Mines of the 
Birmingham District, Alabama. ‘Trans. (1927) 75, 837. 


W. R. Crane: Roof Support in the Red Iron Ore Mines of the Birmingham District. 
Trans. (1925) 72, 187. 
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intact. The coal was solid and impervious to water but the roof rock let several 
thousand gallons per minute travel through longitudinally and drop into the workings. 

It is interesting to note, in regard to the thickness of coal barrier pillars thought 
necessary for strength, that sometimes when openings in them have been made by 
accident or made before they were designated as barriers, and these openings have 
brick or concrete dams erected in them which are only from 7 to 12 ft. in thickness, 
these relatively thin brick and concrete dams held back very large heads of water as 
well as the much thicker coal pillars. The hitching into the coal is the vital thing so 
that it does not give way by leakage through joints around the ends of the dam. 


C. Enzian, Fairmont, W. Va.—It has been my privilege, for two or three years, to 
study the question of barrier pillars quite thoroughly. In that study I might say all 
the points that have been brought out here have been verified very substantially. 
The case Mr. Mather spoke about is parallel to one I investigated where there was an 
area of coal 1000 ft. wide between two adjoining mines. The mine lying on the 
higher elevation had 60 ft. of water head against the pillar. It became necessary to 
drive through that pillar to drain the water from it so as to make possible the mining 
of the coal in the mine lying to the dip side of the pillar. It was found that the 
water found its way through the overlying strata and partly through the fireclay floor 
of the seam. 

The mine on the higher elevation had been robbed and the breaking of the over- 
lying strata, of course, naturally allowed the water to reach what we called “sub- 
terranean water channels,” which in our bituminous coal formation are very numerous. 

I recall another instance where we sank a shaft to a depth of 400 ft. and consider- 
able water was experienced and the drill holes penetrated into these fissures. Cement 
grout was forced into the drill holes up to a pressure of 400 lb. per sq. in. with the 
result that these fissures were penetrated to a very large area surrounding the shaft. 
In one instance we traced it to 1800 ft. from the shaft. The day after we finished 
the grouting a farmer came to us and told us we had spoiled his spring. Upon 
investigation we found cement grouting in his spring 1800 ft. away. 

We find that it is probably impractical or impossible to find a formula which will 
provide a barrier pillar that is impervious to water. It seems to us that the principal 
work or endeavor lies in the direction of establishing or suggesting or formulating 
either a code or a rule which will, in short, safeguard against catastrophe hazards. 
There is nothing that we can see of greater practical value that can be accomplished. 

Dr. Ashley mentioned the strength of a pillar of a few feet in thickness. I know 
of that instance and of a case where a 6-ft. pillar in the Pittsburgh seam withstood a 
pressure of 56 ft. of water, and it was perfectly safe. A principal heading had been 
driven past an encroachment on this property. It was within 6 ft. of this heading. 
The encroachment was not discovered until after a squeeze was set up in higher 
workings which crushed the 6-ft. barrier and allowed the water to flood the new 
workings. 

There are other illustrations which I will mention. In large areas of the Lower 
Kittanning Seam workings, in which pillars are not over 36 ft. wide, these pillars 
sustain an overburden of from 400 to 500 ft. Recently we drilled a 600-ft. hole, 14 
in. in diameter, into the Lower Kittanning Seam 334 ft. from a rib. There was 590 
ft. of water head in the drill hole, yet the water did not break through. 

G. 8. Ricz.—Was there a “‘muddized”’ process of drilling, which would prevent 
leakage of the water through so thin a rib of coal? 

C. Enzran.—The bore hole was carefully sand-pumped. It might have become 
muddized- it is true, but it was a very approximate check as to the water head- 
resisting strength of the coal. If the coal had been very pliable and had had little 
lateral strength, the water would have burst out, in fact we expected it would burst 
out, but it did not. 
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Another illustration I have in mind is where, at the present time, we have barrie 
pillars against which variable water heads are present and there is no trouble until 


we begin to draw the pillars. The moment we break the overlying strats we get 


an increase in the amount of water. 

The singular part of this, which gives us a great deal of hopefulness, is that the 
water so intercepted will diminish. The fact is that it is actually doing that and the 
amount of inflow of water is actually diminishing. I do not have detailed figures now 
but it is quite an appreciable amount. That, I think, is due to the corrosion deposit 
of sulfur solution which apparently affects these subterranean channels in the same 
way that water flowing through pipe corrodes it. We feel that the real practical 
results to accomplish, as Mr. Jessup has said, are to provide against sudden rushes 
of water and gas and smoke hazards. 

In that connection, and in reference to Mr. Jessup’s comment on barrier pillars 
above the water level, my investigations have rather satisfied me that the Commission 
which deduced the anthracite barrier pillar formula had in mind providing a barrier 
pillar for mines above drainage level, as well as below it. 

As regards testing speéimens as an index of pillar strength, a test piece of coal 
in our big vein in the Georges Creek field (Maryland) would not give you much of an 
indication of pillar strength because this coal bed has so many slips, or “cutters” as 
our miners call them. They can never determine in advance where these slips will go. 

Speaking of the percolation through the pillars, one of the best illustrations 
I know of was where the water came through or rather below a barrier pillar, by passing 
through the fireclay floor and then entering joint planes of a stratum of limestone 
under the coal, and flowed into an adjoining mine. This, I think, proves that water 
will percolate through the floor of a seam as well as through its roof. 

When it comes to barrier pillars in pitching seams, I seriously question whether 
it would not be wiser to have shafts in the center? of the basin both from the standpoint 
of safety and from the pumping standpoint. Also in avoiding loss of thick barrier 
pillars. When barrier pillars are left, I think it is advisable to emphasize that the 
pillar should be established on each side of the boundary because so many com- 
plaints that come to the inspection department are that someone has gone over the line. 


R. V. Norris, Wilkes-Barre, Pa.—It may interest you to know in regard to the 
anthracite ruling that I was present at the meeting of the committee that devised 
that plan and that I calculated the table which accompanies it. I did not develop 
the formulas. I was only a cub then. But five times the thickness of the bed was 
intended for everything above water level. You want further to remember that the 
beds mined at that time were not 3 and 4 ft. but 7 and 8 ft. thick. We were not 
mining very much 3 or 4-ft. coal at that date so that the minimum pillar was not 15 
ft. but at least 25 ft. While it is true that the calculations went to very much less, the 
minimum pillar in the minds of the gentlemen who designed it was at least 25 ft. 
The original law as passed required these pillars to be determined by the mining 
engineers of the adjoining properties and the mine inspector. 

It happened that neither the mining engineers nor the mine inspector had any 
power to enforce pillar agreements. The mining engineers had no power to tie 
up their companies—what they said did not commit their companies—and the mine 
inspectors under the law had no power to enforce them. So the original pillar 
agreement was a gentleman’s agreement made between the largest companies in the 
anthracite regions. I was present at all of the meetings and I think 1 per cent. of 


the depth was added to the proposed barrier pillar which was originally planned to be 
five times the thickness. 


G. H. AsuLey.—J ust one more word in regard to the question of central pumping. 
We have an illustration of what that may mean in the ease of the Soucon Valley 
mines of Pennsylvania. Many years ago this Institute took a trip to those mines, 
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particularly to examine what was called the President pumping engine, whieh at 
that time was considered the largest engine of the kind in the world. My under- 


_ Standing is that those mines were finally abandoned because they concluded they 


could not afford to drain all of Eastern Pennsylvania and that seemed to be what they 
were doing. I am afraid that might be the case in other basins. Many of those 
basins would be 100 square miles possibly, and if you start at the center and have 
all that drainage to take care of by a central pumping plant, I am afraid it would be 
quite impossible financially. 


H. Louis, Newcastle-on-Tyne, England (written discussion).—The subject of 
this paper, namely the necessary thickness of coal pillar to be left to form an efficient 
barrier against irruptions of water, has attracted considerable attention to’ this 
country. In 1927 there was published a report of a Departmental Committee of the 
Mines Department on the Prevention of Dangers from Accumulations of Water, 


' and a large portion of this report was devoted to the subject of barrier pillars. A 
_very valuable summary of this report is contained in a paper by T. Greenland Davies.’ 


I also refer to a very useful paper by Mr. Leeds on boring against old workings likely 
to contain accumulations of water. Further, I would direct your attention to an 
interesting paper by H. T. Foster* on the disaster due to an inrush of water at Mon- 
tagu Colliery. In this you will see that a head of something like 200 ft. of water 
was held back for some time by a rib of coal which in one place was only 6 in. in thick- 
ness.” I think the only conclusion that one can come to from the information available 
on these matters is that under some conditions a very thin barrier of coal forms a 
sufficient protection against a strong head of water, but that under other conditions 
a very much greater thickness of coal is required and that the only thing that can be 
done is to keep well on the safe side. The general view in this country appears to 


’T. G. Davies: Extracts and Recommendations from the Report of the Water 
Dangers Committee. Trans. Inst. Mining Engrs. (1927-1928) 75,392. The following 
in reference to barrier pillars and central pumping stations is quoted from Mr. Davies’ 
paper: Barriers and Dams. (1) The committee agree with the view that the pro- 
vision of effective barriers is a necessary part of mining engineering practice for 
reasons of safety. (2) They are of the opinion that the elimination of barriers and 
the adoption of central pumping stations do not offer a complete cure of the risk from 
accumulated water. (3) They agree that no definite rule can be laid down to deter- 
mine the thickness or width of a barrier necessary to retain water, but they do suggest 
in the report that a barrier which may be subject to pressure of water left in a hori- 
zontal seam, or in the direction of the dip in an inclined seam, should not be less 
(although in many circumstances it should be more) than 20 yards in width. 

4H. T. Foster: Notes on an Inrush of Water at the Montagu Colliery, Scottswood- 
on-Tyne, on March 30, 1925. Trans. Inst. Mining Engrs. (1927-8) 74, 41. 

5 Two hewers worked in the holing-bord (room) which was 24 ft. in width on the 
Friday night preceding the inrush (which occurred on the following Monday), and 
left a jud (block) of coal 6 ft. wide and 3!4 ft. deep, kirved (undercut) on the right 
side... 

Fifteen minutes later, the hewer sent for the deputy, who found a trickle of water 
coming from the face—between the positions of the two shots.—The water burst 
through shortly afterwards. He . . . turned and escaped. 

_ The holing was afterwards found to be oval shape 7 ft. in width and 1 ft. 8 in. 
in height. The rib of coal which held the water back for about half an hour was 
approximately 6 in. in thickness on the right side and 2 ft. 6 in. on the left side of 
the opening... 

The level at the point of holing was 208.6 ft. below the level of the water in the 
Paradise shaft, giving a static head of water of 90.53 lb. per square inch.—Abstract 
from paper by H. T. Foster, H. M. Inspector of Mines: Loc. cit. 
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through the sania distances ee times iid “aienased pillar uiickneacst with only 
a few feet of head. In one case in West Virginia, standing water in headings wai 
drained by approaching workings over 300 ft. away and only about 10 ft. lower e 
-no pillar work, and such cases are comparatively common. ery 

In one case in the Pittsburgh Seam in Pennsylvania workings approaching a large it 
- body of standing water, under a head of 230 ft., at a distance-of 1800 ft. became — 
very wet, the water coming through the coal and ales the top, and always drying up _ 
about 100 ft. back of the face. This condition persisted until within about 250 at. Me) d 
of the water where the workings now stand, the quantity of water handled being __ 
about constant, and it is believed that if the body were tapped and drained off that 
no more water would have to be pumped than is now being done. In another case 
the barrier between an active mine and an abandoned one is 50 ft. There is, and 
has been for 10 to 12 years, a constant seepage of water through and over the barrier, 
which shows no signs of failing, but does not keep the water out. The head here 
is not definitely known. In another case, active workings driving along an old gob 
line 350 ft. away, with a head not exceeding 70 ft., shows a constant seepage through 
and over the coal. Other similar cases can be cited. 

In general it can be said that under depths of covers up to 700 ft., in the class of 
strata usually encountered in this country, no practicable thickness of pillar will 
keep the water out of the lower workings, under even moderate heads. 

In such a condition it appears obvious that the pillar is needed only for safety 
purposes and that a pillar 100 ft. thick is ample for any conditions now being encoun- 
tered in our bituminous mines, and that one 50 ft. thick is ample for all but a few 
extreme cases. Such widths will conserve a large amount of our most valuable coals. 

Conditions where a lower seam might tap a body of water in workings of an upper 
seam are rare in this country, as most of such cases are drift mines. In cases of this 
kind coming under my notice, no trouble has been experienced in working mines 
in the lower seam, although usually they undoubtedly did drain the mines in the 
upper one. 

H. I. Smrrx, Washington, D. C-—May I ask Mr. Ashley whether the water head 
was taken into consideration in this code, or weight of cover only. I can visualize a 
great number of cases where you may have a thousand feet of cover and practically no 
water head, particularly where you are going under a mountain range as in our western 


country; whereas in dipping beds you may have a much greater water head than 
there is cover. 


| 


G. H. Asuitny.—As I have indicated, experience seemed to show that a very few 
feet of coal are sufficient to withstand a very large head of water. In other words, 
cases were brought up where mining had approached an unknown body of water, and 
later it had been discovered after the usual advance drilling that there was a pillar 
only 7 or 8 ft. thick, sometimes sustaining the pressure of 300 or 400 ft. of water, 
usually, however, at the head of narrow workings. But it became clear early in the | 
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i discussion that a eaitae of coal of very small thickness would withstand a very con- 
_ siderable water pressure; that it did not act like a gravity dam which sustains the 
_ pressure by its own weight, but acts as a beam held between an upper and lower 
support; and therefore, that the problem was to have enough coal left to maintain the 
e integrity of the barrier pillar under pressure of the overburden, against the tendency 3 
a 0 spall and other effects of that kind. 
‘ ’ So that the code, as adopted, recognizes first that to meet hydraulic pressure alone, 
_ if your coal pillar can be maintained intact, would require a very thin barrier, one 
r- only a few feet thick. The larger thickness called for by specifications is to insure 
) that allowing some spalling off of the coal and the breaking down of the roof, and 
the other factors, that there will still be enough pillar left to maintain itself under c 
those conditions. 
. Where, as you say, there is no water on the other side of the barrier, it is always 
possible under the act for the mine inspector and the companies to agree to the removal 
of the pillar between them. The feeling was that the main thing that must be taken 
| into account is to maintain the integrity of the pillar so that the minimum pillar, after 
all the spalling, is still strong enough to meet any pressure that might come 
against it. 


G. 8. Rice.—The technical data on barriers which have come from Great Britain; 
and appear in the Transactions of the Institution of Mining Engineers (Great Britain), 
are of great value and rather support the position advanced by Dr. Ashley and others, 
that a barrier pillar of coal of any considerable thickness will resist a very heavy 
hydraulic head because acting, apparently, like a beam or rather an arch between the 
was and the bottom. 


G. H. Asntey.—There is one more point in regard to Mr. Eavenson’s comment: 
The Board had the feeling, I think, that beyond the element of safety we should leave 
to the coal company itself when threatened by water at a higher level, whether or not 
it should attempt to save itself pumping by leaving a larger pillar. That is, the com- 
pany would balance the cost of pumping against the value of the coal to be recovered 
by leaving a thinner pillar and the law should not attempt to specify an amount 
which could not be estimated, because the conditions differ in every case. As I said, 
we found so many cases where water was actually following the coal 1500 to 1800 ft., 
that we felt the question of leaving enough pillar to keep his workings dry must be 
left to the individual operator. If he thought he could save himself from pumping by 
leaving a heavier pillar, that was up to him. 


H. N. Eavenson.—In the report of the Commission it was stated that in its 
opinion a barrier 100 ft. thick was sufficient for any conditions, but in the law it is 
specified that the barrier under the maximum conditions should be 160 ft. thick. 
Of course, if the adjoining property owners are willing to waive this provision it does 
not have to be left, but if one of them is not willing the 160-ft. pillar would have to be 
left along the entire property line. It is generally considered in the Pittsburgh region 
that a miner on the lower side will have to pump the water sooner or later from the 
mine on the upper side, practically regardless of the thickness of the pillar, whether 
it is 100 or 1000 ft. I think general practice now recognizes this fact and the mines 
go ahead and arrange to pump the water and take the coal out where they have 
the opportunity. 

The new code, of course, has provided that in a case where the operators on both 
sides are willing to remove the barrier it can be done, but if one of them is not willing 
to do it a barrier pillar of the maximum limit of width has to be left. 

Personally, I cannot see why a pillar 160 ft. in width would resist spalling much 
better than one 100 ft. wide. I do not believe that either one of them could possibly 
suffer enough by spalling so that the water would break through, as it is impossible to 
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conceive that a pillar would spall sufficiently to not leave 20 ft. of solid coal, and, as the ." 


figures of the Commission show, this would be plenty to resist breaking through. 


It seems to me that an extra 60 ft. will be a waste of valuable material, which some — 


day is going to be worth a great deal of money in the Pittsburgh section. 
In other respects the law is a big improvement over the old one. 


G. 8. Riczs.—Mr. Eavenson speaks of a 160-ft. width of barrier. That is for a 
1000-ft. depth, but suppose you have a depth of 1500 or 2000 ft., as I understand may 
be possible in Greene County to the lowest coal beds. 


.G. H. Asuiry.—I believe that a clause might very well have been added, making a 
limit of 100 ft., because I think your criticism is good there. The use of a formula was 
simply to simplify the statement of the law. The rule and the table, of course, do 


not appear in the law itself. The table simply shows how it works out, but I 
believe that a clause stating ‘‘up to 100 ft. and not over,” or something of that kind, 
would have been better for these greater depths, and particularly as applied perhaps 
to other states. 

I might say, for the benefit of those from other states who are interested in this 
problem, that much of the data obtained by the Commission is filed with the Depart- 
ment of Mines at Harrisburg. 

In reference to the depth of coal in Western Pennsylvania, the Pittsburgh coal 
does not go below 1000 ft. in Pennsylvania, but the Upper Freeport is in the neighbor- 
hood of 600 ft. lower, and the Lower Kittanning a couple of hundred feet below that. 


H. N. Eavenson.—None of those are being mined, are they? Can they be mined? 
G. H. Asutrty.—They are mining a lower bed at Rock Springs, Pa. 


H. N. Eavenson.—At Pittsburgh there is no coal bed lower than the Pittsburgh 
that is workable. Of course, that may not be true further to the southwest. 


G. H. AsHtEY.—We anticipate that there will be a lot of mining in the Upper Free- 
port, particularly in Greene County, where it will go well below 1000 ft. in depth, 
probably 1500 ft. We have little accurate data in that area, however, because there 
has been very little core drilling. The oil and gas wells commonly report finding coal. 
They usually report 6 ft. thickness of coal, possibly because that is the thickness drilled 
between cleanouts. At least there is enough coal found to indicate or suggest that there 
is a mineable bed at that depth, and many records show coal at still lower depths. So 


we feel it is quite probable there will be mining at those depths although probably not 
in our day. 


G. 8. Rice.—However, whether Pennsylvania has that depth or not to workable 
coal, we know as deep or deeper coal is going to be mined in other districts in the 
country; and as this discussion is dealing with the broad problem of barrier pillars, 
as engineers we are interested in the possibility of its application elsewhere. 


A. W. Hussn, Nemacolin, Pa.—One point that has not been brought out should be 
considered. There is hardly a property that does not have some projecting piece 
which in order to reach, one must go through a narrow neck; and, if the adjoining mine 
owner happens to reach and mine out his coal first, you come along and have to provide 
the barrier pillar called for in this act. It either means that he must stay out and lose 
it, or that he must, if the adjoining property owner can get to it, sell it at 
a disadvantage. 

I believe there is hardly a coal property owner in Pennsylvania that does not have 
some little piece, or maybe two or three pieces, of property extend out in that way. 

G. H. Asutry.—The code has a number of provisions to meet such cases. For 
example, it provides that you do not have to leave a large pillar around little inset 
pieces you may occasionally find in the middle of a property; or a farm that you cannot 
get, or a farm house reservation, or something of that kind. The code also has this 
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for such cases: ‘Provided, that if any of the parties at interest fail to agree on the 
carrying out of any of the provisions of this Act,” and so on, they may appeal to the 
Secretary of Mines, who shall appoint three reputable and competent mining engi- 
neers, who will constitute a Commission, and thi§ commission serves as a board 
of arbitration. : ; 

The thought of the Board was to provide either a direct way of handling these 
problems, or a way in which these special problems could be met by an appeal to the 
Department of Mines. I am not quite sure that we have met all the cases, but 
-it was the feeling at the time that the law, as written, seemed to meet those, at least 
all that the members of the Commission could think of. 


A. W. Hessr.—But the possibility is still there. 


G. H. Asxuiry.—I can see how, of course, that under the general wording, you 
might be stopped from cutting through. But under the provisions of the act if 
you and your neighbor cannot agree, which means perhaps that you want a certain 
thing and he does not, you can still appeal to the Department of Mines. Then the 
Secretary of the Department of Mines will appoint a commission of three engineers 
and if those engineers agree that you may safely proceed, the law allows you to do 
that, so there will be no loss. 

J. J. Rurtepver, Baltimore, Md.—There ought to be some provision made in a 
general barrier pillar law for barrier pillars starting at the outcrop of the coal seam. 
I realize that in the area covered by the code under discussion the seams were prac- 
tically horizontal, but if one has a condition like the original situation in Oklahoma, 
where the seams pitch from 10° to 60°, and a good part of the openings were at, or 
just slightly above, the general water level, that is the drainage level, of the region— 
unless you leave a barrier pillar at the outcrop and continue the boundary barrier 
pillars down the pitch, the man on the first 40-acre tract worked (and they are all 
lessees) may work out his 40 acres and go away and leave it, so that the surface water 
will fill up the mine workings. 

The man on the adjoining 40 acres may have more capital. He may work out 
the coal farther down the dip and yet when the water has filled up this first 40 acres 
it will come through into his workings, and drown out his mine. In such a case the 
second lessee has no recourse whatever. This is one of the things that ought to be 
taken into consideration in problems of this sort. It has happened in two or three 
cases, and something ought to be said about the continuation of the pillar from the 
outerop, especially in pitching seams. 

I am very glad the Commission rationalized this pillar idea. Probably one of 
the reasons for that is that the law requires a reputable geologist on the board to 
act as counterbalance between the two sides, but the requirement of splitting of. the 
pillar at the boundary line is a mighty good point. 

W: H. Guascow, Harrisburg, Pa.—It might be of interest to those present to 
know that there have been no appeals made to the Department of Mines as yet. The 
law has been in effect almost a year, and from experience to date, I feel that the law 
covers the need pretty well. I hope it will continue that way. 

R. D. Hatu.—Though this law seems satisfactory for the conditions obtaining 
in Pennsylvania, the state for which the law was written, it might not serve as well 
for Nova Scotia or for Harlan County, Kentucky, where bumps occur that actually 
split the mine pillars open. The late Mr. Herd presented a paper® last year in which 
he shows a rift in a pillar 90 ft. long which was caused by a bump. If any such rift 
should oceur in a pillar which was being used to seal off a considerable head of water 
it might let a large quantity through in a very short length of time. Consequently 


6 See page 15. 
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G. 8. Rrcz.—Along the lines juittcotad OPI M 
cussions which have taken place in the foreign Institute 
laid on the advisability of packing waste tightly against a permaner Aue 
they consider will add greatly to the strength of the pillar; and 7 4 that tl 
would be generally the experience of the mining men here, that it would ey 
is probably because back-filling supports and prevents the roof from ruptur ne! 
if the roof shears at the edge of the pillar and the plane of the ‘ ‘shear” or z 
is inclined toward the goaf, then the roof strata will cantilever over: the ArT] 
pillar and bring a greater load per unit of area on the pillar than is due to the no m 
load of the overburden. 

Now apparently the strength of the solid coal is very cat but whether BG would — 
be safe to leave a 20-ft. pillar, for example, without back-filling support, I have con- 
siderable doubt. I think the work in the anthracite district has gone to show the — 
importance of loose material as against the edge of a pillar and still more of hydranlic’ 


filling adjacent to a pillar. Pane 


E. T. Connzr, Scranton, Pa.—Many years ago while in charge of an important — rs" 
group of mines in the anthracite region of Pennsylvania, at one of the operations there 
was some apprehension about the adequacy of a barrier pillar in the principal bed 
of coal adjoining a mine owned by others where the water was rising. The coal 
bed in question was about 16 ft. thick. In the adjoining mine the coal remaining in 
pillars did not exceed 40 per cent. of the original content, while in the mine under 
my supervision there was about 65 per cent. remaining. The barrier pillar between 
the two properties was 200 ft. and over. 

The adjoining mine had been abandoned because, having extracted too large a 
percentage of the coal in first mining in the bottom bed some 300 ft. below the Balti- 
more, a ‘‘squeeze”’ had occurred which opened cracks to what is known as “the 
buried valley.”” This is a subsurface valley along the Susquehanna River which ~— 
had been washed out by erosion long ages ago, and in many instances the “wash” 
with which this submerged valley is filled is highly saturated quicksand, the depth 
of which varies from 0 to 350 feet. 

Naturally, we watched the rise of water in the adjoining property with interest, 
to see the effect upon our own operation. The Baltimore Bed varied in depth along 
the barrier pillar from 250 to 400 ft. below the surface. As the water rose on the 
other side of the pillar, the first manifestation in our workings was “chipping pillars.” 

This was rather surprising because of the excessive size of pillars on our side of the 
line. An inspection of the affected area convinced us that no serious damage need 
be apprehended from the “chipping pillars.” 

The water continued to rise on the other side until it reached 150 ft. vertical head 
against the barrier pillar. 

About 1000 ft. from the barrier pillar mentioned, there was a tunnel on our side 
of the line driven through an anticline cutting the bottom rock. Much to our surprise 
we found a stream of water coming through the strata in the rib and roof of this tunnel, 
which, as before stated, was below the floor of the Baltimore Bed. This stream con- 
tinued to increase nal it reached a maximum of about 1500 gal. per min. at which it 
remained practically constant. This caused no particular harm because extra pumps 
had been provided. 

This instance is cited as one of the “‘freaks’’ which cannot be foreseen. Ridic- 
ulously large pillars may be left in an endeavor to protect adjoining properties or to 
protect the lives and safety of the employees, but it is difficult, in fact impossible to 
provide against the “freaks” such as I have mentioned. 
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_ Reference was made by Mr. Rice to an experience where pillars ‘‘spalled”’ in old 
workings and the coal accumulated along the base of the pillar. I have frequently 
seen such instances, but when the loose coal along the base of the pillar was loaded out, 
which, of course, is a great temptation to the mine foreman, believing that no harm will 
result from taking away coal that has “sloughed”’ off the pillar, chipping again began 


_ and seriously impaired the strength of the pillars. In other words, it is usually not safe 


to load out this relatively small value in the matter of support, because such action 
may be a case of “the last straw breaking the camel’s back”’—taking away this rela- 


‘tively small support from pillars may cause the overburden to crush the pillars entirely. 


The commission associated with the author in the drafting of his paper embraces 
men of large experience, and undoubtedly they have looked up all of the available 
data. As far as I can see, I believe they have covered the ground as thoroughly as 
they possibly could. 

I have seen other instances of what I have termed ‘‘freaks”’ in the opposite direc- 
tion, 7. e., of pillars of coal in both anthracite and bituminous mines that appeared to be 
ridiculously small and yet which withstood tremendous water head, so that I am of 
the opinion that we should be careful, as suggested by Mr. Eavenson in not going too 
far in prescribing “‘hard and fast rules” that may mean large losses of available coal in 
an endeavor to protect ourselves and to protect life. The subject should be thoroughly 
considered both ways, because, as I have before stated, there are “freaks” in both 
directions that must be taken into consideration before enacting into laws that cannot 
be changed, rules which may inflict serious hardship without compensating benefits. 


H. N. Eavenson.—I would like to call attention to the statement in the report of 
the Commission of the fact that they have never known a case where a pillar, even as 
low as 10 ft. thick, had failed on account of the water pressure. When you think of the 
multitude of seams that experience covers, and the multitude of conditions with high 
heads of water, and with the way coal is deposited, and what we know about its 
character, it certainly must add to our respect for this material that an occurrence of 
that kind has never happened. 


G. 8S. Rick.—We are conducting some very interesting tests in the Bruceton Experi; 
mental Mine on the strength of coal in place to resist the thrust of solid concrete 
stoppings acting as an arch, using a hydraulic jack screw. Preliminary results indi- 
cate that the coal when pressed against the “‘faces’”’ does not crush until a pressure of 
14,000 lb. per sq. in. is reached. We had found prior to this, when massive concrete 
stoppings, acting as an arch, failed that in no case did the coal of the rib buttresses 
show any signs of crushing; it was always the concrete which gave way by crushing 
in the middle of the span; yet that same coal, if you take it out in a lump and put it 
into a testing machine, will crush 2000 to 3000 lb. a square inch. 


H. N. Eavenson.—I would suggest to Dr. Ashley that if he has an opportunity, 
he have someone compile the figures that he has in his possession showing the thick- 
nesses of pillars, the amount of head against them, and all pertinent data, so that these 
data will be available to the profession at large, and they could be submitted in the 
form of a brief paper. We understand that these are all on file in his office, but if the 
salient facts could be condensed and published it would be a very great advantage to 


the profession. 
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SURFACE SUPPORT 
By R. V. Norris 


Tuer problem of surface support in coal mining is naturally divided 
into three branches: 

1. Surface covered with improvements of such value as compared 
with the value of the underlying coal, or with such elements of danger to 
mining, that absolute support is essential. 

2. Surface with improvements of less value than the underlying coal 
such that moderate settlement may be permitted, but destructive settle- 
ment must be avoided, either by reason of danger to human life or 
unwarranted property damage. 

3. Surface of relatively small value as compared with the underlying 
coal where destructive settlement may be permitted. 


First Problem 


In the first case it is evident that the original support must be main- 
tained either (a) by leaving ample pillars and confining the coal recovery 
to a very conservative first mining, (b) by so supporting less conservative 
first mining by filling or flushing that the gradual deterioration of the 
pillars may be prevented and subsidence avoided, or (c) by incompressible 
support as masonry either as an adjunct to insufficient pillars or in place 
of the original coal support. 

a. From tests made by the Scranton Engineers Club, it appears 
safe to figure on 2000 Ib. per sq. in. as the safe squeezing strength of coal 
pillars in place, provided that these are, as usual, not higher than their 
least horizontal dimension; and from this figure the percentage of pillar 
to be left for various depths may be easily calculated. For safety in this 
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ease it would be necessary to protect the pillars from deterioration by 


lagging, or better, by packing, and for minor depths the roof between the 
pillars should be at least partly supported by packing or flushing to 
prevent local caves. 

b. With full support as by flushing or careful packing it seems proba- 
ble that as high as 3000 lb. per sq. in. would be safe for coal pillars in 
place, and that the first class support could be given by a percentage of 
pillars calculated on this basis with full flushing. 

c. As the materials available for masonry in the mines are usually 
relatively weak sandstones and slates even first class masonry supports 
built of these will have no greater strength than the original coal pillars, 
and as the masonry would cost at present prices much more than 
the value of the coal in place, it does not seem practicable to remove the 
coal and replace by masonry supports where the first class surface support 
is required. 


Second Problem 


The second case, where moderate settlement may be permitted, but 
destruction of the surface should be avoided, is the general condition 
applying to ordinary built-up territory without monumental buildings 
or special mining conditions. In this it is assumed that all possible coal 
is to be removed and the problem becomes one of partial support and the 
avoidance as far as practicable of destructive fractures. This, then, 
requires such mining and support as will permit gradual settlement, and 
while it cannot be absolutely accomplished it can be approximated by 
two methods: 

a. By leaving sufficient pillars for temporary support, which will 
gradually disintegrate under pressure, avoiding the leaving of any large 
blocks of coal which by their resistance would cause a breaking off of the 
strata and fracture of the surface. Such mining would necessitate very 
evenly distributed pillars of practically equal size, and the expectation 
of a general squeeze and final loss of the pillar coal thus sacrificed. That 
such squeezes may result in surface settlement without serious injury 
is shown by a study of the results of many squeezes in the mines of 
Lackawanna and Luzerne counties, the surface damage from which, 
assuming sufficient depth to prevent cave holes, has usually been confined 
to the vicinity of large blocks or of barrier pillars. 

One of the very serious mistakes made by the public is in insisting 
upon the leaving of large permanent pillars to protect certain buildings, 
roads, and so forth. In repeated instances within my own practice the 
leaving of those pillars has resulted in destructive surface injury where a 
general settlement did not do so. 

There is one particularly interesting case of a very large general settle- 
ment, to which I think the author will refer, where a general squeeze 
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Third Problem 


The third case, where destructive settlement is permissible, covers the 
greater part of the minable area. It would seem a mistake to use the 
limited amount of flushing material in territory of this sort, and the filling 
desirable for mining purposes only should, in such territory, come from 
the mine rock rather than from finer material. 
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This discussion presupposes a sufficient depth of workings to prevent 
breakage of the surface by local roof falls. Unfortunately, in many 
places large beds lie so close to the surface that simple roof falls in the 
workings result in disastrous surface rupture. 

Where the surface value warrants the expense, such shallow beds 
should certainly be supported by full flushing or filling regardless of the 
conditions in the underlying beds, and it is my opinion that such support 
would go very far towards minimizing or even preventing surface damage 
from subsidence in the lower beds, as the fully flushed workings in surface 
beds, even with a full removal of coal and reflushing of the openings with 
the resulting gradual subsidence, should act as a cushion to distribute 
the settlement from the removal of the coal in lower beds, and minimize 
the surface damage therefrom. 
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SUMMARY 


In my opinion, complete support can be attained only by leaving 
sufficient coal pillars properly protected, or the replacement of such 


pillars by first class masonry of sufficient strength to carry the overlying 


strata. But damage may be minimized and in the main avoided by 
the support by flushing or filling of any surface beds that may threaten 
surface damage from local falls or cave holes, and by bringing about. 
gradual subsidence of the underlying beds by complete removal of the 
coal with partial support from packing or flushing, with the removal in 
second mining of all blocks or pillars which could by their resistance cause 
fracture of the strata. Further, sections of second mining should be so 
chosen that the edges of the area, where fractures and destructive surface 
damage are inevitable, will fall in places where such damage is permissible. 


SEPARATION OF CoaL TITLE FROM SuRFACE TITLE 


There is another interesting point in connection with the subsidence 
in the anthracite region; that is, the very general separation of the coal 
title from the surface title. The coal in most instances was sold from 
under the surface and that sale, being made when the surface had rela- 
tively small value, was usually an absolute sale of the coal with a release 
by the surface of all damage from mining of any sort, shape or descrip- 
tion. The courts have upheld that position where it was properly taken 
in deeds, but the public has not, and it has become the practice of the 
mining companies, as a matter of public policy, to repair the damages on 
smaller dwellings and smaller properties at their own cost. They are 
not so willing to repair damages on larger buildings of which the owners 
are able to protect themselves, and where the value of the coal is not 
many times the value of the building. 


SUBSIDENCE FROM ANTHRACITE MINING 


By H. W. Montz 


A FURTHER study of the effect upon the surface of mining operations 
in the Anthracite Region of Pennsylvania has become imperative as 
an economic measure for future conduct of the industry. The sub- 
sidence is not only of local interest; it has attracted much and widespread 
attention, even beyond the confines of the region. The growing com- 
munities, towns and cities are. vitally concerned; also allied interests 
such as railroads, manufacturers and so forth. 

In 1911, two eminent engineers, Eli T. Conner and the late William 
Griffiths, were retained by the City of Scranton to report upon the 
mining conditions under that city. Their report contemplated a study 


aa ee ee 
102 SUBSIDENCE FROM ANTHRAC 
7 c= a 
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Although other reports have been made in connection with, ‘sub- 
sidence, among which the most complete, no doubt, is that of t. 5 is 
Young and H. H. Stoek, published as University of Illinois Bull. 91, 
the first two are the only ones, to my knowledge, that treat solely anthra- 
cite problems. Their investigations, however, were an attempt to 
preserve the support. 


PuRPOSE OF STUDY 


A very considerable portion of the surface in the anthracite region 
has been more or less disturbed by robbing operations thus far; although 
the policies of the various companies have been to confine these mining 
operations, so far as possible, to outlying and unimproved surface areas. 
The real problem, however, has yet to be solved, so that operations 
may continue with attendant prosperity to the industry. Whether — 
the right to disturb the surface is real or otherwise, the operators feel a 
moral responsibility, if not a legal one, to minimize surface damage; 
therefore an economic problem presents itself for solution, in which the 
study of the subject of this paper should be an important factor. In 
the consideration of such problems, it would certainly be not only 
interesting but pertinent to predict the probability and extent of sur- 
face damage. 

Realizing that a study of this kind requires years of investigation, 
particularly in acquiring data that are available only through observed 
experience, this attempt is only a preliminary study, with the hope that 
sufficient observations of surface movements and effects, together with 
contributing mining conditions, may be and will be made in the future, 
so as to permit, to some degree, the determination of expectancy. Thus 
far, this has been impossible, because of the lack of pertinent data, and 
while it is doubtful whether exact formulas can be deduced to calculate 
definite surface disturbance from certain mining conditions, it is prob- 
able that the results can at least be classified. 


Meruop oF Minine 1n ANTHRACITE REGION 


The general practice of mining in the anthracite region has_ been 
the room or chamber and pillar method. While there are other Sys- 


tems in operation, such as longwall and other modifications, the first 
named predominates. 
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The gangways are driven 12 to 14 ft. wide, with chambers at right 


angles, or nearly so, driven 20 to 24 ft. wide. These chambers or “‘breasts”’ 


are driven on various centers, ranging from 40 to 70 ft., thereby leaving a 
pillar also varying in width from 20 to 50 ft. It is from the second min- 
ing or robbing of these pillars, generally speaking, that subsidence 
results. Another source of movement is from ‘‘squeezes,”’ which often 
occur incident to too great an extraction on first mining and which often 
attend on robbing operations. The “‘squeeze’’ often results in a com- 
plete collapse of surrounding territory. All of these attending results 
depend largely on the physical conditions, such as the nature of the 
overlying roof and strata, the thickness and character of the vein, pitch, 
etc. As mining is carried on and as roof conditions require, the open- 
ings are timbered or propped to support the immediate roof particularly 
for safety. 

When the pillars are sufficiently wide, the second mining is carried 
on by driving narrow holes, approximately 10 ft. wide, through the line 
of pillars, until the point of retreat is reached. The pillar is often skip- 
ped or sliced, as_in the cases cited, when conditions are favorable and 
permit. The actual robbing is then started by the removal of the 
remaining part of the original pillar. As the retreat is made, the roof 
rock starts to break for lack of support and thus the operation is carried 
to conclusion. In order to hasten the caving of the roof, the timbers are 
often drawn and salvaged. The roof is often blown, for safety as well 
as to assist in the relief of pressure on the surrounding pillars, 


EXAMPLES OF SUBSIDENCE 


As there are numerous examples of subsidence from mining opera- 
tions, a great many could be cited, but, generally speaking, the pertinent 


_. data such as would be necessary in the consideration of this study are not 


available. Two areas that have afforded, to some degree, an opportunity 
for observation, each under different physical conditions, at least as far as 
the surface is concerned, are shown below as Exhibits I and II. Exhibit 
III belongs to the class to which I have just referred; namely, in which 
available -information is interesting only as a common example 
of subsidence. 

Exhibit I is an area under which robbing was contemplated in regular 
sequence and also under improved surface. It is adjacent to areas under 
which extensive robbing had been carried on with but slight subsidence 
to the improved surface, visible only here and there to a very limited 
extent. Furthermore, it had been well flushed or filled with silt in the 
original openings from first mining in the surface vein. 

Exhibit II is an area in which no flushing was done previous to the 
robbing of the pillars and over which the surface was not improved, 
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Monuments 


In the case of Exhibit I, iron pins were ‘‘planted” on the surface, 
approximately 200 ft. apart nee in squares, to ascertain the subsidence _ 
vertically by taking observations at regular intervals and to discover the 
lateral movement. Unfortunately, these observations were not made at _ 
intervals short enough to determine with necessary accuracy just when 
and how much of the movement occurred during short stated periods 
of time. 

At present, there are other areas where robbing of pillars is being | 
contemplated and over which monuments have been placed” for 
observation. 


Description of Areas 


The area referred to as Exhibit I (Fig. 1) covered approximately 7 r 
acres overlying an area of surface vein which was mined over and in 
which the pillars were about to be robbed. The vein, practically flat, 
was approximately 7 ft. thick as shown on the cross-section in Fig. 2, 
and was well filled with silt. The surface, correspondingly flat, was 
improved with streets, a railroad and several buildings, all of which are 
shown on Fig. 1. The easterly boundary of the area lay adjacent to-a 
substantial barrier pillar. A typical columnar section (Fig. 2) beneath 
this area showed 15 ft. of gravel, grading into sand and gravel, which © 
continued for another 15 ft. Below this is 40 ft. of brown sand, becoming 
finer with depth, to a typical quicksand, and then a streak of hard clay, 27 
ft. thick. Underlying this occurred slate, thin coal and bone in alternate 
layers, then approximately 9 ft. of fine conglomerate, grading to a sand- 
stone 76 ft. thick. Directly underneath this rock is the surface vein. 
Overlying the vein and adjacent to it is a slab of sandstone, averaging 
probably 8 ft. in thickness, which is parted from the main sandstone top 
and which falls as soon as the pillar is removed. The slicing or skipping 
of pillars had been completed and the retreating started when on the 
evening of Aug. 21, 1926, a maximum subsidence of 214 ft. took place. 
On the morning of that ays the area was apparently ‘‘on the move,” 
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there being a heavy squeeze, and no work was allowed in the territory 


that day. The squeeze continued, with the resultant collapse in 
the evening. 

The houses along the easterly side of the street, adjacent to the barrier 
pillar, were pitched forward and badly shaken. The frame and brick 
structures had settled rather evenly and only small cracks at the ends of 
the buildings were noticeable. The railroad tracks were likewise settled 
but brought to grade immediately. Since that time there has been a 
slight but continuous settlement, so gradual as to cause no additional 
damage to the buildings. I have no doubt that the passing of heavy 
trains over the area aggravated the squeeze and hastened the collapse. 

Another interesting feature in connection with the subsidence is the 
fact that monument No. 1, which was placed over the barrier pillar, is 
slightly higher in elevation now than it was when originally installed. _ 

Exhibit II (Fig. 3) is likewise an interesting case of subsidence. In 
the vicinity of the robbing, there is a paved avenue with a number of 
houses facing the street. The ground is generally level and continues 
practically level to the rear of the buildings, where there is the top edge 
of a bank 40 ft. high. The surface from the foot of the bank is prac- 
tically level. A typical columnar section beneath this area (Fig. 4) 
shows a bed of sandy gravel, averaging 60 to 70 ft. thick, then a streak of 
clay from 15 to 20 ft. and 50 to 60 ft. of fine sand overlying the bed rock. 
The rock underlying the wash is a hard sandstone and extends 160 ft. to 
the Four Foot vein, which is 614 ft. thick and practically flat in pitch. 
The robbing, as shown on Fig. 3, was a continuation of robbing 
operations from the west, from which there had been no visible signs 
of disturbance on the surface. The robbing in this particular area 
started in June, 1925, and it was not until Oct. 29, 1926, that there was 
any evidence of disturbance. On that date, a sudden subsidence of a 
few inches took place and affected two of the buildings to the extent 
that the doors and windows tightened. In three days the foundations 
of at least four of the houses were cracked. and from that time on the 
subsidence was a gradual process, with cracks appearing on the surface. 
After the first few days, however, the movement, instead of being a 
direct subsidence, seemed to be a pull to the south. Undoubtedly the 
movement was aggravated largely by the 40-ft. drop of the surface at 
the rear of the improvements. As the cracks in the surface appeared, 
the subsidence of the buildings was very much more pronounced to the 
south; on two of the buildings, which were of brick construction, the 
rear dropped off very abruptly, so that the houses were approximately 
1 ft. lower in the rear than in the front. The greater amount of dam- ° 
age, however, seemed to have been confined to cellar walls. On March 
11, 1927, a small crack appeared in the brick pavement in the avenue, 
directly over the barrier pillar, and since that time there has been a 
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continual slight settlement over the area shown cross-lined (Fig. 3) 

_ to a maximum settlement of 6 in. This settlement under the avenue is 
_ taking place notwithstanding that the coal under the area is solid. Sub- 
sequent to Oct. 29, 1926, the date of the first subsidence, there was a 


constant movement over the affected area until June, 1927, when 


so, until October, 1927, when further movement was detected in the 
area that had settled most severely the year previous. This continued 
for several weeks, then apparently stopped, and no movement has been 
detected since that time. As soon as the subsidence was discovered, 
the robbing in that territory was stopped and the pillars that were 
reserved for support under the houses and street are still intact and 
still in normal condition. 
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Exhibit III (Fig. 5) is interesting only from the point of view of 
what the ultimate subsidence would be under similar conditions. The 
only data available are in the record of surface elevations taken in 
August, 1906, which at that time had been subjected to subsidence as a 
result of a squeeze in the lower veins. The total depth from the surface 
to the bottom vein was approximately 800 ft. and the veins that had 
been worked at that time were the B, C, D, E and F, the F vein being 
approximately 535 ft. below the surface. The territory had been first- 
mined and approximately 50 per cent. removed at the time of the squeeze, 
which completely crushed the coal and made it an unprofitable proposi- 
tion for further mining. Later on, however, the upper veins were 
opened, first-mined and robbed to the point where large areas have now 


been permanently abandoned. The surface has been subsided a maxi-, 
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nearly all movement ceased. It remained in that state, or apparently — 
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mum of 20 ft. and, although not visible, subsidence is still taking place. 
_ Very little damage has been sustained by the improvements located on 

the surface, which consisted of dwellings, a railroad and a number of 

smaller buildings. 


Deductions from Observations 


3 From Figs. 6 and 7 it appears that after the initial movement occurred, 
it continued at a uniform rate for a period of 114 years without having 
reached a state of rest. The initial settlement varied from 3 in. to 2 ft. 
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8 in. and since that time the observations indicate a subsidence rate of 
lin. per month. Of the total to date, the initial, as compared with.the 
total subsidence, varies from 12 per cent. minimum to 80 per cent. 
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maximum, the average of all observations being 41 per cent. It is to be 
noted, however, that where the maximum occurred at the initial break, 
its rate of continued subsidence was substantially decreased. A further 
deduction from the observations taken along line BB’ (Fig. 6) indicate 
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the greatest movement in the middle of the affected — with a decreas ' 
ing subsidence radiating from the center. 

The conjectures of engineers as to what actually occurs in relation to 
the break in the overlying strata have been at variance. Hausse, a 
German engineer, made a scientific investigation of subsidence in which 
he classifies the breaks as the “‘main break” and the “after break.” 
He says that over horizontal beds the main break is vertical and the 
after break extends over the pillars. He further assumes the angle of 
after break to be constant or equal to 20°, decreasing from 20° to 10° in 
proportion to the increase of the dip from 0 to 45°. In a report made by 
the Board of Mines of Dortmund, they found that the lateral extent of 
subsidence greatly increases with thickness of wash or “‘marl” covering. 
From the data obtained, they determined the angle of fracture from bed 
rock to surface to be approximately 70°, measured from horizontal; 
while in rock dipping not more than 15°, the angle of break was found 
to be 75°. 

On the cross-section through AA’ (Fig. 4), shown in-Exhibit II, the 
‘German theory is illustrated, indicating the main break, the after or 
subsequent break, and the angles of fracture through bed rock and marl, 
or wash. Whether or not the surface break in this instance was coinci- 
dent with the theory, the writer is unable to say. It is his opinion, 
however, that in the anthracite field, the angle of fracture more nearly 
approaches the vertical through stratified measures of rock horizontal 
or nearly so, which is borne out by numerous examples. It seems 
reasonable to suppose that the overlying wash, stratified as it is with 
gravel, clay, sand and particularly quicksand, will assume an angle of 
fracture considerably less than 70°, which in this case would be 50°, 
on the theory of the vertical break through the bed rock. The Law of the 
Normal is a generally accepted theory; it has limitations as to its applica- 
tion to the heavy pitches but under the lighter pitches it seems to apply, 
as in this case. - 

A further deduction from the results of the observations made in 
connection with Exhibit I is the fact that the total subsidence has reached 
& maximum of 4 ft., which is 57 per cent. of the thickness of the vein. It 
must be appreciated, however, that at the time that this subsidence 
occurred 86 per cent. of the original coal content had been removed but 
46 per cent. of the total area had been well silted. In other words, the 
natural support of the remaining pillars plus the artificial support, 
amounted to 62 per cent. of the whole. A perfectly natural conclusion 
is the fact that the artificial support of silt was an auxiliary support which 
tended toward a reduction in subsidence only. It is to be admitted, 
however, that had the actual removal of pillar support been confined to 
a more limited area, namely, a more limited robbing face, the subsidence’ 
would not have been aggravated to the point experienced. 
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_ CoNncLuUsION 


Recently, somé additional data have become available in connection 
with subsidence on heavy pitches, but the behavior of disturbance to 


_ overlying rock strata has been so varied, which has been the experience 


in other mining regions also, that further observations should be made 
before this subject is elaborated. 

It is quite apparent that the effect of subsidence of underlying veins 
upon overlying veins has not been considered, although it certainly 
comes within the scope of subsidence intended to be treated in this paper. 
The data available for such consideration are practically nil and this 
phase must therefore be taken up in the future. In a general way, the 
experience in this regard has been decidedly varied, depending largely on 
the physical conditions, such as the thickness of the underlying veins, 
thickness of rock interval, character, depth below surface, ete. 

There are examples where the underlying vein has been robbed leaving 
the overlying vein virgin and the latter when subsequently developed has 
been found not to have sustained a permanent injury. The overlying 
vein was certainly disturbed and subsided, but ultimately the vein was 


‘found placed relatively in its original formation and position. Cases 


have also been found in which the overlying vein was subsided in com- 
paratively small areas in the virgin but the overlying roof did not yield, 
the parting being as much as 6 in. between the roof and the top of the vein. 

Where the underlying veins have been robbed under areas of overlying 
veins, which have been first-mined, the experience has been varied but, 
generally speaking, the overlying vein has been rendered unminable. 

Knowledge as to this phase, however, is secondary to the study treated 
in this paper and therefore is only incidentally mentioned. 

An effort must be made to acquire data along these lines as promptly 
as possible, and as the result of a carefully laid out program, so as to 
obtain all the data incidental to the study. It is suggested to the Insti- 
tute that a committee of anthracite mining engineers be appointed to 
cooperate with the Committee on Subsidence in the further study and 
discussion of this subject. The information should be acquired along 
the following outline: 

1. To select for mining out areas that offer a reasonable probability of 
obtaining informative data. 

2. Such areas should be large enough to prevent local disturbances 
from being given undue weight. 

3. Some areas should include the outcrop where it is in the immediate 
vicinity, to indicate areas of most destructive surface disturbance. 

4, The areas should be not less than 500 ft. wide and under normal 
conditions not less than 6 acres in extent, sufficiently large to overlap on 
all sides a proposed second mining area. 
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5. Monuments should be placed on the surface on 200-ft. squares and - 7 
these should be located both horizontally and vertically from peraanees - 
bases outside of any probable area of disturbance. 

6. Original surveys and levels locating these monuments should be 
made with careful cross-sections in both directions, with proper record 
maps filed. These surveys and levels should be run at regular intervals, 
at least once every two months. 

7. Original surveys of the mine workings underlying and in the 
vicinity of the observations should be filed. 

8. To coordinate the mining conditions with the surface observations, 
the mine workings and test areas should be resurveyed simultaneously. 

9. Full notes should be kept of both mining and surface changes, so 
that proper deductions can be made. 

10. If surface improvements are involved, in addition to the above, 
full data as to the condition of these should be obtained at the start and 
complete records should be kept of settlement or damage. 

11. The effect of any disturbances in the mines on any intermediate 
underlying or overlying beds should be noted. 
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DISCUSSION 


R. V. Norris, Wilkes-Barre, Pa.—Mr. Montz, chief mining engineer of the Lehigh 
Valley Coal Co., at the request of the Anthracite Section attempted to collect and 
codify some of the data available on subsidence in this region. It might seem very 
easy, where there is constant subsidence everywhere, to get these data. One can 
see cave holes and cave damage everywhere but it is almost impossible to find the 
cause and extent of the damage. Except where special arrangements have been made 
to watch it, in most instances there is no reliable base’ to measure from and there are 
no reliable measurements from a reliable base of the original surface conditions; so 
while it is known that there has been subsidence, the amount is not known, and unless 
it is watched very closely its relation to godereiones difficulties is ukeaae 


G. 8. Ricz, Washington, D, C.—Do you make any technical distinction auivees 
robbing and romavals 
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H. W. Monrz.—We call a robbing operation any operation which actually removes 


_ the entire pillar. That necessarily has to be done in two operations: (1) the skipping 


of the pillar or driving the pillar hole, and (2) the actual robbing, the final removal of 
the remaining pillar. 


R. V. Norris.—In practically every case the destructive damage to buildings on 
the surface has been along the line of either barrier pillars or unrobbed workings. 
The destructive damage has not been over the main body of the robbed area except 
on its edge. 


E. T. Conner, Scranton, Pa.—This subject is so vast that the work that was 
done by my colleague, Mr. Griffiths, and myself can only be considered as rather 
fragmentary. We found, when we were confronted with the job of describing the 


_ mining conditions beneath the city of Scranton, which might and did affect surface 


improvements, that the information was extremely fragmentary and indefinite. In 
fact, the earlier plans for mining in that territory usually contemplated extracting 
about two-thirds of the coal and leaving the balance in pillars rather irregularly dis- 
posed with no expectation of recovering any portion of the pillar coal. We satisfied 


- ourselves that that rule was reasonably safe where the beds lay no more than 200 ft. 


below the surface. The situation varied, however, with the character of the coal bed, 
and in beds of greater depth the rule of leaving one-third for the support of the over- 
burden did not apply. 

Mr. Griffiths and I were well satisfied with the statement made by Mr. Norris and 
concurred in by the author of the paper, that the greatest disturbance of the surface 
occurred along the edges of solid blocks of coal, barrier pillars or so-called protective 
pillars. In many instances the original owner of the coal, in the erroneous belief that 
he was protecting himself, specified that the coal beneath his surface improvements 
should not be mined. The result was that blocks that had been left to support surface 
improvements were scattered all over the territory that we at that time examined. 
In almost every instance those blocks of coal resulted in damage to the person who 
thought he was protecting himself. 

Mr. Montz has presented some valuable data that should be followed up and 
extended to embrace the widely varying conditions found in all coal-mining areas, 
and that I believe will in time build up dependable information of use to engineers 
elsewhere. The suggestion that a board of disinterested engineers be designated to 
continue the studies seems to me highly constructive and one that should be fol- 
lowed out. ‘ 

The references to the information contained in Bulletin 25, which is the report of 
the conditions under the city of Scranton, have been checked in some respects by 
German engineers. It was my pleasure to visit some of the German mines in 1922, 
where the practice of back-filling the mine openings with worthless material and 
extracting all of the coal has been adopted and very good records of the compression 
of the material introduced for the support of overburden have been kept. 

It is quite gratifying to me because when Mr. Griffiths and I made the tests which 
are embraced in our report of the supporting value of various classes of material we 
had nothing upon which to go as we could find no published records of similar tests. 
However, in actual practice it has since been checked and I would like to see more of 
that kind of study to determine the values of supporting material. 

G. E. Stevenson, Scranton, Pa.—It seems to be my misfortune to disagree with 


the authors of many of these papers on this subject. I have made an examination of 
the vein along the line of fracture where pillars had been left that were sufficiently 


‘strong to stop the squeeze or cave and in every instance I have been able to get 


up on the line of fracture of the rock and discover that it is never vertical where 
the vein is flat but is always inclined upward and outward from the rigid support. 


vi can 1 give ea cme or three cases i 
o.9 the question of a doubt. » “One of them is on ‘ ponte of a st 
‘Fiske St., ia he the Sieg tunnel of the Pennsylvani: 

; _ The ellen F 


to the surface the Eirecee was Ae rs ae Tie was cons’ 
over the line of fracture, which was, as I stated, upward and outward from t 
support until it reached the wash and then it reversed itself and followed the 
line. Of course, the presence of quicksand with its possible opportunity to 
through some crevice into the mine below may materially affect that case. 

I have another case in the course of litigation where the rock extends 15 or 20 ft. 
from the surface. It is under South Main Ave. in Hyde Park, entitled to support - 
because it was a public highway before the coal was severed from the surface. The a 
surface vein is 4 ft. and was mined by longwall on either side of the street but pillars: ‘ a, v, 
were left beneath it supposedly strong enough to sustain the surface. Wherever the — x 
rock approached close enough they did sustain it, but wherever there was 15 or 20 fe7 
of wash, the same process operated and the same Biéek took place. One can go along 
the ‘atlas and find that the fracture is upward and outward from the line of support. 
It was impossible in all instances or many instances to follow it to the wash, but the 
street is affected wherever we know the wash to be 15 or 20 ft. thick. 


G. S. Ricz.—How is the longwall approaching it? 


G. E. Strvenson.—I am not sure I can tell you that. The only part of it thatis 
accessible now is just along the line of fracture in the mine and between the pillars 
under the street. The bed is comparatively shallow, less than 100 ft. I am very 
glad to report that the cave in the lower vein mined first has not materially affected 
the mining of the solid coal in the overlying vein. 

I have now a very difficult problem to settle as to whether or not certain mining 
in progress beneath one of the most important public buildings of Seranton is going 
to further damage it by reason of settlement. In 1915 a certain section of Scranton 
settled some 1, 2 or 3 ft., and this large public building was almost the center of that 
settlement. At that time the vein we call the New County vein had not been mined. 
That is a vein about 7 ft. over-all and contains about 6 ft. of coal. A bore hole was 
sunk into the veins affected and flushing and packing and restoration of the building 
on the surface were carried on, at a cost of more than $130,000. That began in 1915 
and was finished in 1918. We have been constantly watching it since, but no settle- 
ment has occurred since 1918. The building is solid and rigid. ~ 

When I was first called into the case this surface vein was being mined 60 ft. below 
the surface, taking out about 50 per cent. of the coal, and except at the edges of the 
old squeeze which occurred in 1915, the vein was intact. There was scarcely a notice- 
able crack in the roof or rib, and I made up my mind that mining in that vein would do 
no harm to the surface provided there was nothing done in the veins below. 

That was the New County vein; the next below it is the Clark; then comes the 
No. 1 Dunmore, which is found in three benches with thin dividers of rock between; 
then comes the No. 2 Dunmore, which is the vein that collapsed on account of mining 
a half a century ago, and waite caused the trouble in 1915. The mining now starting 
isin the No. 2 Dunmore vein. The bottom bench, 4 ft. thick, was mined many years 
ago by water-level mining and very irregular sees not ee i in size. In the 
repairs that were made in 1915 to 1918, rock was packed along the rib and partly 
filled in the bottom split that had been mined. There are 2 or 214 ft. of rock; above 
this, 4 ft. of coal; above that is 3 ft. of coal; above that, 2 or 214 ft. of rock and then 3 
ft. of coal. It is proposed to drop this rock divider into the vein mined many years 
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d ae ago, lay track on that and take out the 3-ft. bench of coal. When that is completed, 


the next rock will be cut and dropped and then the top 3 ft. of coal will be cut and 
taken out. 
_ Wherever this has has been attempted in the vicinity it has shaken things up 


_ pretty badly. The question is, shall this be stopped, if possible? This was one of 


the cases where the owner of the surface has what is known as the third estate. The 
Supreme Court decided that I may own the right of support over Mr. Conner’s coal 
and under Mr. Rice’s house, sort of floating around in the air, and I can quitclaim my 


_ interest in it to either one of them and reunite it with their interest, so in that case, 


Mr. Rice will have a right to absolute support or, if I sell it to Mr. Conner, he will 
have the right to take the coal out and destroy Mr. Rice’s support. 

The problem of determining what to do in the matter of support, ‘whether to stop 
mining or try to condemn the coal or pay the exorbitant price asked, or exercise the. 
right of the third estate, is a difficult one. 


G. 8. Ricz.—Do you not find a very marked difference in the character of the 
breaks and the surface subsidence as extending either not to the line of the barrier 
pillar or extending over it according to whether the coal has been extracted from the 
pillars, or by longwall or semilongwall face; with two conditions, a longwall face that 
has been approaching the barrier or which is at right angles to the barrier pillar? 


R. V. Norris.—There has been little or no longwall experience in the anthracite 
region, and I doubt whether any anthracite men will be able to answer your question. 


G. 8. Ricz.—In robbing the pillars, do you not find that it makes a difference in 
ground movement whether slicing them off starts from the barrier pillar, or extraction 
is begun farther back from the barrier pillar? I have very much doubted, from my 
observations in studying subsidence, the correctness of hard and fast formulas which 
some engineers have adopted. Most of these formulas are somewhat theoretical and 
accept arbitrary values for the strength of rocks. The strength of rock in place is 
difficult to judge from detached specimens. I find it difficult to accept formulas and 
strength coefficients of rocks until we have more exact knowledge of behavior of rocks 
in place, and one must expect wide variations. 


H. I. Smitu, Washington, D. C.—How deep must the coal beds that are mined 
underneath be before they interfere with the one above? For instance, in Utah we 
have a coal bed from 20 to 30 ft. thick, which has a commercial advantage over other 
coals on account of the breakage of the coal in handling rather than the quality. Above 

_ this bed are other beds of coal ranging from 14 to 20 ft. thick. With a coal bed from 
20 to 30 ft. do you think it possible to mine the under bed without seriously damaging 


the other beds 90 or 100 ft. above? 


H. W. Monrtz.—Our experience has been somewhat varied, as I said in the paper. 
If the vein is first-mined and you rob underneath it, the robbing will certainly damage 
the upper vein. However, that depends on the thickness and character of the over- 
lying vein. On the other hand, if the veins are virgin and the underlying vein is 
robbed, subsequent development of the overlying vein will find it distorted, broken 
up, but the relative location of the vein is the same as originally and it will be found 
that while it is broken up it can be worked without much trouble. That has been our 
experience in a number of cases. 

I do not think the above would apply to beds 20 or 30 ft. thick; only to veins 
which have not exceeded, say, 6 ft. Infact, Exhibit I is a vein under which there was 
considerable robbing done a great many years ago and the vein was subsequently 
first-mined and robbed, and it was in that section where it had locally settled to the 
point where the subsidence was 6 in. or so and the main roof was still maintained. In 
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R. V. Norris.—Mr. Montz, if I am not CRE in re 
that were crushed, while they were not fully robbed out, aggregate ed 
35 ft. of coal. Maen you mined any of the thinner overlying beds : 
and what was their condition? 


H. W. Montz.—In Exhibit ITI one vein was ec sabre 10 ft. fics 
- was probably 250 ft. from the nearest underlying vein, which had been squeez 
other veins 314 to 4 ft. thick have been mined over and robbed since that time. 
found the contours in these veins very irregular. They did not follow the original 
contours in the underlying veins at all on account of the irregular movement. = 
Mr. Stevenson referred to the break extending away from the pillar instead of = 
back over the pillar. That is a perfectly natural conclusion and I think it is the x 
general experience. The roof naturally would break in that fashion and as it reaches 
its maximum I believe you will find that the break becomes almost vertical. There ats 
are a number of instances where the break has been carried in the various veins away tA 
from barrier pillars. y 
I think that what Mr. Rice meant was whether or not there was any difference’ in 
the effect of robbing approaching a pillar or retreating from a pillar, and I certainly 
think there is some difference. It depends largely on what method of mining you use. 


R. D. Haun, New York, N.Y.—Was the coal you were ‘discussing last shallow 
or deep? 


H. W. Monrz.—It was shallow and deep where the vertical break took place. . 
The top vein, I suppose, was not over 200 ft. in distance. : 


G. S. Ricr.—Where damage was indicated on the surface did the initial breaking — 
occur underground and the break-planes slope back from the solid coal? Was there 
opportunity to find out whether the break-planes kept the same slope until reaching 
the surface or whether at some higher elevation the plane of break changed in dip; in 
other words, whether there was not some horizontal axis where the break reversed its 
dip and extended over the pillar? 


H. W. Montz.—The initial breaks and the ultimate breaks are not the same lines. 
We have no data in connection with that. At least, I know of none. I have never 
had occasion to observe it. 


MrmBrr.—What were the sizes of the barrier in Exhibit IT and the thickness of the 
vein between the coal and the surface? 


H. W. Montz.—The barrier pillar was about 150 ft. wide and the vein was 614 to 


7 ft. thick. The wash was approximately 100 ft. and the rock overlying the vein 
110 feet. 


Memper.—Do you mean 150 ft. square or 150 ft. along the line? 


H. W. Mon'rrz.—One hundred and fifty feet wide. The length is almost indefinite. 
It would be the limit of the colliery. 


8. A. Taytor, Pittsburgh, Pa.—I do not think there is any hard and fast rule as 
to what interred between seams can be mined without interference of the upper 
seam. It depends very largely on the character of the intervening strata. I had one 
particular case where we mined out 6 ft. of coal with 35 ft. of shales above, and there 
was no interference whatever with a seam of coal 80ft.above. Yet, in the same Pitts- 
burgh seam afew miles away, we found that the same Pittsburgh seam of coal about a 


foot thicker had cracked the surface, and there was some subsidence up 400 ft. in 
elevation above the Pittsburgh seam. 
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I think the question is one of the character of the intervening strata. If there are 
; shales, they will break and fill up the mined-out space much more quickly than 
would solid rock or different strata. 


_ A. B. Jessup, Jeddo, Pa.—An outstanding weakness in the many papers and dis- 

cussions of papers on subsidence which I have read lies in the fact that they did not 
_ give a sufficiently complete description of all the circumstances surrounding these 
interesting occurrences. The nature of the overlying strata all the way to the surface 
is of the greatest importance. There are a multitude of factors which should be 
catalogued in every instance if one expects to have a discussion prove of value—the 
thickness, inclination, nature and make-up of the strata; whether or not they are solid 
enough to act as a beam or even approximate the behavior of a beam; whether a hard 
stratum without joints runs through, which would approximate a beam loaded with 
a lot of loose-jointed masonry on top of it; the span, the location, rigidity and strength 
of the fulerums, ete. The more complete the data, the greater the value of the 
results observed as to subsidence or breaks in predicting the probable action in 
other cases. 

Commercial and operating difficulties in the early days of anthracite mining caused 
the thickest and best seams of the series to be mined first, leaving numerous thinner 
or more impure seams supported by the pillars of the thicker seams; or frequently 
these pillars were drawn, thus causing the overlying seams to subside en masse. Better 
merchandising of anthracite, improvements in the technique of its mining, and espe- 
cially in the utilization of the smaller steam sizes later, made the thinner seams of 
commercial value and there arose the problem of their extraction over mining out 
areas of thicker seams. 2 

In the Wyoming region, where the seams lie comparatively flat, the lowest seam, 
known as the Red Ash or Dunmore seam, has frequently been completely mined out 
before the next thin seam above it was touched. This next seam, which lies possibly 
60 or 80 ft. above, has been found practically intact after the lower seam had been 
completely mined out; that is to say, it was in normal position and except for cracks 
‘going through the coal and cracks in the roof, very little damage had been done. 

An instance of this same condition has been observed in parts of the Lehigh region, 
where the inclinations range from 30° to 60°, sometimes down to 15°, and since the 
basin here is of a wide V-shape or more accurately a W-shape, on account of 
little anticlinals in the middle of it, all sorts of conditions exist for observation as to 
subsidence. A seam quite variable in thickness but ranging from 2) to 5 ft. lies 
from 80 to 100 ft. above the Buck Mountain seam, which is 12 to 14 ft. thick. The 
Buck Mountain had been mined over the whole area and the pillars had been drawn 
for about two-thirds of the distance from the surface to the basin when the thinner 
overlying seam was worked up over the remaining pillars and its workings continued 
up the pitch to the surface over the completely robbed-out workings below. A line 
of break was found at the top of the remaining underlying pillars and the overlying 
vein had slipped down a little at that point. The coal and roof along the line of 
break were somewhat broken up, but after passing the line of break the conditions of 
the vein differed very little from those over the area supported by the underlying 
pillars. The roof was cracked and required more timber, the coal was traversed at 
intervals by cracks but otherwise no damage had been done at all so far as could be 
seen. The timbering expense in mining was somewhat increased but other costs 
were practically unaffected. 

As to the inclination of the plane of breaks in the strata, I have traveled along such 
breaks at the edge of many large pillars and have seen some breaks incline one way 
and some the other, even at the same pillar sometimes one break might lean backwards 
and higher up lean up the pitch. I am inclined to think that near the roof the break 
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for its supposed protection, provided the block is not extensive enough to’ cat 


itself to ae back, if one mete examine it all 
vations, of course, are necessarily made very close to the top : 
It is only natural that the greatest damage to surface structures 
would be along the line of breaks on the surface. The surface dam su 
much greater where a block of coal is left in directly under overlyin imp 


break which runs up the pitch from cutting through improvements. To pro 
isolated surface improvements rather than leave small blocks of coal, it is frequ 2 
better not to leave any solid but to rob as rapidly, systematically and aaner 
as possible. : 
If, in every instance of subsidence, all the available facts in relation to the ove: 
strata, the depth, inclination, etc., are collected and catalogued, a man. looking f or 
something to theorize upon, or on a condition similar to the one he is interested in — 
for the possible protection of surface improvements, may look for such conditions as “A 
apply to his particular inquiry and then try to apply to it one of the numerous theories. to 
By all means let us get complete facts in relation to instances of subsidence. ; 


H. N. Eavenson, Pittsburgh, Pa.—The evidence obtained so far in bituminous 
mining practically confirms Mr. Montz’s conclusion that the surface of the place | hs 
robbed is broken mainly over the seam, invariably inside the vertical line. 

Prof. Henry Louis has studied subsidence generally, but especially in relation to 
longwall mining. He says! that no matter how one is mining, whether by longwall or 
room and pillar, there is always a break and it occurs over the solid coal. The records 
in this country, with very few exceptions, and also the records in South Africa, where 
they have made very careful studies in some few cases, show that that statementisnot - 
correct as far as the evidence goes. He asserts that we are confusing the evidence of : 
subsidence, that we are talking about cracks and placing the subsidence entirely out- 
side of them and that we do not have enough levels to show whether or not there was 
subsidence. 4 

In some instances he is correct, of course, but I have one case under observation — 
now where the levels extend a long way out of the robbed area. While it willnot be ~ 
ready until next year, I think it shows conclusively that there was no draw at all, that 
the subsidence was all inside the worked-out area. As far as we know, in room and 
pillar working that is practically universal. Whether or not it would show subsidence 
if we had additional levels outside of the breaks and cracks is somewhat difficult 
to tell. 


G. S. Rice.—There are interesting time studies reported in a bulletin of the Bureau 
of Mines.? This study I was instrumental in starting, with H. I. Smith, then in the 
Bureau of Mines. Subsequently the study was carried on by C. A. Herbert and J. J. 
Rutledge. There are time studies made in four different districts. One is in the 
longwall district; it gives the advance on the face at frequent intervals and shows the 
successive movements downward; the draw was always inclined over the solid un- 
worked coal. The others were made of panels in room and pillar mining and in those 
cases the break did not reach the vertical; the inclination was backward over the 
extracted area. 

A striking instance of mining in upper beds came to my attention while on a visit 
under one section of the city of Scranton. The mine was in an upper bed and mining 
was in progress under the streets when a subsidence occurred in old workings below 
a eee 
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in a deeper bed. The nave ehtended through the upper bed being mined and — 


- surface subsidence covering a city block occurred, reversing the flow of sewage and 
letting it into the mine through cracks, and also prone the gas pipes. There was a 
_vertical drop in the street of something like 5 or 6 ft. Mining in the upper bed con- 
tinued, although with increasing haulage difficulties and admittedly increased cost. 


_ _ However, mining continued until restrained by the city. 


R. V. Norris.—I- have very little hope that it will ever be possible to prepare 
formulas that will definitely establish what is going to happen but I believe that with 
an ample amount of accurate data on record it may be possible to pick out three or 
four cases similar to the one under consideration and to predict what may happen. 


A. W. Hessr, Nemacolin, Pa.—In the mining of anthracite seams, are the two 
seams mined simultaneously, and if not, at just what intervals of mining are the seams 
taken out? 


R. V. Norris.—They are very frequently mined simultaneously. The second 
mining is usually one seam at a time. 


A. B. Cricxuton, Johnstown, Pa.—In reply to Mr. Smith’s question, I might cite 
our experience at Portage, Pa. At Portage we mine four seams of coal, one above the 
other, from the same area. The seams belong to the Lower Productive measures, 
and are known as Upper Freeport and Lower Freeport, the Upper Kittanning and the 
Lower Kittanning. Most of the Lower Kittanning seam was mined 40 to 50 years 
ago over a tract of land of about 5000 acres, and in the early mining few of the pillars 
were drawn. The interval between the Lower Kittanning and the Upper Kittanning 
is from 80 to 100 ft., with relatively thick sandstone intervening. Even where pillars 
were drawn in the Lower Kittanning seam, in the later mining in the Upper Kittanning 
seam there was no serious trouble experienced, and each seam was mined without 
any apparent effect upon the other. 

Above the Upper Kittanning seam was the Lower Freeport at an interval of 50 
to 60 ft. There is quite heavy sandstone intervening. If the Upper Kittanning had 
been mined out prior to the mining in the Lower Freeport, there was usually no trouble 
in mining the upper seam, but if mining in the Lower Freeport was carried on at the 
same time as mining underneath in the Upper Kittanning, there was usually con- 
siderable roof trouble in the Lower Freeport—the upper seam. 

These different seams of coal were operated under lease by different companies 
from the same lessor company. After considerable investigation, except in special 
cases, the engineers of the lessor concluded that it would be best to allow the lessees 
to mine each seam just as their development proceeded, without regard to the other; 
that it would be almost impossible to regulate the mining in the lower seam to protect 
the upper seam in a way that would not cause as much loss as if their mining should 
proceed in the regular course, or possibly more loss. 

Between the Lower Freeport and the Upper Freeport, the interval is 40 to 50 ft., 
and the intervening stratum is what might be called sandy shale or slate. ‘The mining 
of the Lower Freeport almost invariably causes trouble in the Upper Freeport over- 
lying, because of vertical breaks. With a heavy sandstone between these seams, I 
feel the result would be about the same as in the lower seams, as these breaks do not 
occur in a way to cause serious trouble where the intervening strata consists 


of sandstone. 
H. I. Smiru.—What is the thickness of the various beds? 


A. B. Cricuton.—The Lower Kittanning is 344 to 4 ft. thick; the Upper Kit- 
tanning is from 314 to 8 ft. thick; the Lower Freeport is 3 to 42 ft.; and the Upper 


Freeport is 314 to 414 ft. thick. 


As to the effect on the surface, that is an eee detec ques 
had mining in the Lower Kittanning seam, where the cover on the coal 
from 300 to 500 ft. thick, where the emning of the Lower Fe seam has 8 


seams or the mining of the coal in the intervening seams. * 
This has also been proved by the loss of surface water on a drainage area aoa . 
by the local water company, where the coal 300 to 400 ft. underneath has been mined ~ 
and the surface broken in such a manner that the drainage area was practically 
destroyed, except for a short time during the rainy season; the result being that the Fs 
breaking of the surface allowed the water to reach the mine workings, instead of the 
surface dam of the water company. 
At Meyersdale, Somerset County, Pennsylvania, the Pittsburgh seam of se 2 
which is about 12 ft. thick, was mined out many years ago. A 4-ft. seam of coal 
overlying the Pittsburgh seam of coal at an interval of about 30 ft. has been mined out 
in a fairly successful way. The intervening strata in that case is soft shale. The 
earlier mining in the Pittsburgh seam did not extract all the pillars, and in the mining 
of the upper seam now they have considerable roof trouble and caves in the bottom, 
making more expensive the maintenance of the haulage roads and ventilation. How- 
ever, they have recovered a good percentage of coal, perhaps as much as is being 
recovered in the Portage seams, but the mining costs for timber and ventilation are 
naturally higher due to the disturbance. 


R. D. Hatu.—The important matter to consider is the nature of the strata with 
which the mining engineer has to deal. On their character depends the nature of the 
break that will occur. If this is not remembered, much of the information that would 
be obtained from the experience in the Wyoming buried valley would be misleading 
because, on account of the presence of many feet of sand, the roof tends to shear 
vertically. There are some cases elsewhere perhaps where it shears in steps, so that 
the subsidence does not appear at the surface to cover as large an area as has been 
excavated. This has been noted in the Georges Creek field. 

Where, however, the roof is solid and thick and there is no heavy weight of sand, 
it tends to act like a big plate, which in cross-section will resemble a beam. When. 
that condition exists there are breaks back over the coal which have been designated 
by the mining profession as ‘‘draw.’’ I remember that, in 1909, before I had heard of 
that expression, I made up my mind that what it designated must surely exist, other- 
wise the roof would not act ikea beam. Yet as a beam I was confident it must act. 
To my surprise I found reference to “draw” in a paper in the Colliery Guardian, of 
London, by a Mr. Dickenson. Though he did not view the failure of the roof as I 
did, it convinced me that it was true that the roof did act as a plate or beam, and that 
the right approach to the subject was in this direction. In March, 1910, I published 
an article on this subject in Mines and Minerals, illustrating these breaks and the 
manner in which they occur. 

But there is a condition in roof demolition which causes the failure to vary from 
that of a beam of homogeneous material. The general theory must view the roof as a 
monolith, but there is a draw slate below the main roof which does not act as a part of 
the whole and wherever the stresses are heavy the thickness of the stratum that does 
not so act may be considerable because of the horizontal shear set up as a result of the 
bending of the roof mass. This separates the different strata, especially after the roof 
has broken by tension in the middle of the span. 

When the immediate roof has thus sheared from the main roof, the stresses to 
which it is subject are entirely different, because it is now a built-in ae pinched at 
the support between the coal pillar and the roof mass above it. It will break as such 
an encastré, corbel or built-in beam may be expected tobreak. I+ willnot fracture over 
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the coal. The pinching prevents that. It will break over the excavated area and not 
_ far out from the pillar but with a fracture that leans out over the goaf. I have seen 


these fractures many times. It is not to be assumed that the breaks in the “built-in 
beam” have anything to do with the break on the surface over the coal designated as 
the ‘‘draw” or with the break in the excavated area at the point of maximum tension 
of the main roof known as the ‘main fracture.” Why should we assume that the 
crack on the outside of the mine over the coal is an extension of that inside the mine 
near the face of the coal, or vice versa? We see only the extremities of the breaks. 
All that lies beyond those extremities is hidden. Perhaps it is natural to join them up 
in our imaginations, but seeing that they come of two wholly different stress systems 
there is no logic that would associate them. 

There is a time element in the fall of the roof which cannot be conceived if the roof 


fails from shear. A roof so failing should rupture suddenly. A five-minute interval 


of time is the limit of the delay one could anticipate. When the roof fails as a beam 
it cracks and tries to come down but to do so it must wedge itself into the narrow space 
between the pillars. When it wedges, an arch action keeps the roof from further 
failure, but the arch eventually fails by horizontal shear—especially if, by mining, 
more coal is removed. Then the roof bends and breaks again and as it lowers it 
wedges again and the arch again asserts itself. And so it goes from beam to arch and 
arch to beam till the complete failure occurs. When it does, horizontal shear has 
reduced the roof to a pile of slabs with each stratum resting loosely on the one below. 
It is this delay that makes it possible to draw out rapidly coal that could not be saved 
except by such rapid extraction. 


J. J. Ruritepes, Baltimore, Md.—Mr. Rice referred to Bureau of Mines Bull- 
358, covering, among others, a longwall coal field where the work was carried on by 
advancing. This investigative work was carried out under the greatest of difficulties, 
because we could not name the localities, but so far as draw was concerned, the angle 
of draw varied between 8° and 9° from the vertical and was always over the solid coal. 


F. W. Sperr, Houghton, Mich.—Could you see it? 

J. J. RuTtEpGE.—Yes, on the surface; almost parallel to the building, 400 ft. long. 
F. W. Spprr.—The fissures extending up, the actual fractures showing? 

J. J. RutLeper.—No, we could not see them except at the surface. 


F. W. Sperr.—I have made models so I could see the fissures extending upward. 
(Figs. 8 and 9). 


J. J. Ruttepgr.—We could see the fissures below ground extending above the 
coal seam for a short distance but we could not follow through to the-surface. 


F. W. Sprrr.—In my models I could see them all the way to the surface. 
G. E. Stzyenson.—May I ask how much wash there is over that rock? 


J. J. Ruttepge.—There are shales, limestones, near the coal seam and above these 
the drift. We have no such wash as you have in the anthracite region. It is a drift, 
probably 40 ft. thick. 


G. 8S. Rice.—It is a glacial drift. 
G. E. Srevenson.—We have a glacial drift in the anthracite region. 
Ne al Rurtieper.—In Illinois the drift is not exactly of that character. 


Answering Mr. Smith’s question: As to the mining of a seam above a seam that 
has been mined below, the Pittsburgh or Big Vein seam was mined probably 10} or 
11 ft. thick with practically no roof overit. There was a thinner coal seam, the Tyson, 
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Fig. 8.—MopEL EXPERIMENT WITH HORIZONTAL STRATA. DRAW OF FRACTURE 
TOWARD THE UNDERCUT AREA, 


Fia. 9.—Moprr EXPERIMENT WITH INCLINED STRATA. FRACTURES VERTICAL. 
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tome 90 to 110 ft. above that, with shales and sandstone intervening. It is a very poor 
roof except for the sandstone, about 10 or 12 ft. above the Big Vein. The Tyson seam 
is being mined by longwall. There is 100 per cent. extraction, and one mine, at least 


in the Big Vein, has been pillared below. 

Mr. Montz has noted a similar condition. The Tyson, or the upper seam, was 
practically virgin. The overlying rocks bend but the lower rocks shear Where the 
shales are, as Mr. Crichton said, but the big rock, about 10 ft. above the coal seam, 
undoubtedly bends. 

The most revolutionary demlonment i in recent Big Vein mining in Georges Creek 
has been to take the pillars broadside. Formerly all the pillars were crosscut. Such 
pillars were, say, 40 to 50ft. thick, and the coal seam probably 11 ft. high. The former 
practice was to drive crosscuts, beginning at the inbye end of the pillar, entirely across 
the pillar; such crosscuts were usually about 12 ft. wide. Two or three men worked 
in each crosscut, the place being carefully cross-barred as it was being driven. Six 
feet of solid coal was left in the pillar and then another crosscut of the same size was 
driven entirely through the pillar. The 6-ft. stump was sometimes mined and some- 
times lost. ; 

Quite recently, in one of the mines they have begun to take cuts 50 to 75 ft. wide 
broadside across the pillars, putting down two, three, and occasionally four or five 
switches, or turns, leading directly across the pillar. Five men working on each one 
of these turns make a cut from 50 to 75 ft. in total width entirely across the pillar. 
Usually a set of five men takes a cut 25 ft. wide then joins on right or left another set 
of five men taking a similar cut. 


H. W. Montz.—You mean in the longwall method? 


J. J. RurLEpGE.—No, I mean in pillar and room work, in robbing the pillars. You 
take two or three turns, in some cases five, turn into the pillar and, instead of cross- 
cutting, take the full width right across. 

H. W. Montz.—There are a number of different methods of mining that have been 
tried in the anthracite region and I think one of the rather unique ones was the longwall 
advancing, which was somewhat along the same line although the area had been first- 
mined. In other words, all of the pillars were mined simultaneously advancing. 


J. J. Rutteper.—All of this has been pillared before. 


H. W. Montz.—When you are retreating? 

J. J. Rurtepe".—No, when we are advancing. But the pillar is taken broadside, 
not crosscut. 

A. W. Hessz.—Are two seams being mined in any territory simultaneously? 

J. J. Rurtepce.—To a certain extent they are now. In earlier years they were 
mined simultaneously in a few cases. In one mine, many years ago, at Barton, the 
two seams were mined simultaneously; in fact, they mined the Tyson and Big Vein 
coal together. . 

A. W. Hesse.—Are there any data to show the difference in mining cost of the 
upper seam when mined alone and the cost of same seam when mined simultaneously? 

J. J. Rurteper.—There is practically no roof over the Big Vein, while the Tyson 
had a much better roof, therefore conditions are not comparable. 

A. W. Hessz.—Perhaps I did not state my question clearly. In the Tyson seam, 
that is the upper seam, is there a difference in the cost of production where the Pitts- 
burgh seam has been taken out some time before the Tyson has been attacked? 

J. J. Rurteper.—Yes, there is. The Big Vein breaks come up into the Tyson 
but except where previously there has been some working in the Tyson the Big Vein 


a ee Bi 


breaks do not seriously interfere with the working of wee 
add some expense. 


H. I. Smira.—How much ieee the break affect the Saat? 


It enta! As it ae up, it becomes shanttedtinal and the shear is not notie 
Lower down, however, it is noticeable, as in the true longwall method. The up 
bed is mined by machine. » 


T. F. Downrna, Jr., Philadelphia, Pa.—There are a number of places in ites ; 
anthracite fields where the engineers can study this problem very easily. . I was par- Be 
ticularly interested in the stripping operations where the overburden was being ~ ty 
taken from the pillars, where the first mining was done possibly in 1860. I knew of . 
several, particularly in the Shenandoah and Shamokin regions. 

Answering Mr. Smith’s question, in the Shamokin region, the Mammoth seam, . 
which was 22 ft. thick, took the railroad down from 8 to 4 ft. vertical prior to the _ 
Holmes seam being worked, the Holmes being a seam possibly 150 ft. above the 
Mammoth. The Holmes seam was worked a number of years later. There were 
times when we were working over the robbed area when the seam broke unevenly and 
the gangway ran into a piece of rock. Aside from that the condition of the coal 
seemed to be about the same in that area as it was in the area where it was worked 
and no robbing had been done. 

I think, as Mr. Hall does, that much study must be given to the top conditions, 
particularly because of safety methods. I know that in the bituminous field many 
accidents from falls of top are caused by the draw slate breaking back of the coal face. 


A. B. Jessurp.—Those who wish to get data first hand by observation should go 
into the Lehigh region of the anthracite fields or into the western middle fields. They 
would find some splendid instances in strippings where the cover has been removed 
to a depth sometimes of 125 to 150 ft. There they can make observation in daylight 
on the action of the strata overlying the Mammoth seam workings (the seam is about 
25 to 27 ft. thick) and see the action of the slate overlying it. They can also observe 
the action of subsidence on a little vein which is about 20 to 30 ft. over the big vein. 
It is very illuminating and very safe. 

First-hand information may also be obtained on these time elements, beam actions, 
etc., because at one mine there is what is known as a squeeze going on. The robbing 
has come back to a certain point and the old pillars in a 12 to 18-ft. seam, which were 
small in this instance, are giving way and overlying strata are coming down in a very 
complex state. It illustrates the very complex beam action when the great masses — 
overlying the pillars get started. In this particular instance, where perhaps 4 to 5 
ft. of the more impure coal on the bottom of the seam was left down, the pillars are 
very hard and small and are being driven down into it, with the result that the 
bottom bench is heaving or flowing like pitch, and so far as one can see there is no 
collapse of the pillars; they are simply. being punched down into the bottom coal. 
The overlying strata and surface are settling-gradually without any apparent breaks. 


H. Louis, Newcastle-on-Tyne, England (written discussion)—Mr. Eavenson has 
been good enough to quote some of my views regarding the phenomena of subsidence; 
he has, of course, only mentioned these briefly, and as he has not represented . 
quite correctly, it is evident that I have failed to make them clear. Seeing that he, 
and apparently some of the others who took part in the discussion, appear to hold 
views different from my own, I think it advisable to put my opinions down as defi- 
nitely and as clearly as seattle because it appears to me at least possible that some 
of the differences above referred to may be differences of language and definition 
rather than of fact. The statements I propose to submit refer to the simplest cases 
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namely where an area in a practically horizontal bed has been entirely worked out. 
My experience has been confined to beds.of bituminous coal and of ironstone, but I 
do not at the moment see why there should be any difference in principle between the 
working of a bed of anthracite and one of bituminous coal, provided that the other 
conditions are the same. I wish to emphasize that I am considering the conditions of 
complete working out of the mineral bed with the roof allowed to come down and form 
goaf in accordance with the general British practice; I am excluding, therefore, 


_ methods of hydraulic, pneumatic and hand stowage where extraneous material is 


brought in to hold up the roof.. I am also excluding the case of bord and pillar working 


where pillars of small size are deliberately left in, apparently with the idea that these 
_ will subsequently crush and let the roof down gradually. Such a method of mining 


has long been discontinued in this country, indeed in Europe generally, and I venture 
to predict that the time will come when such a recklessly wasteful method will no 
longer be tolerated even in the United States. Further, I am referring entirely to 
static conditions after the mineral bed has been worked out and the ground has come 
to rest; the phenomena that occur during the course of extraction are much more 
complicated, and these I am not discussing here. Under these conditions, I have 


hitherto failed to see any difference between longwall working and bord and pillar 


working when the mineral has been equally completely removed by either method; 
I do not go so far as to assert that there is no difference whatever between the effects 
of the two methods, but only to say that if there is such a difference I have hitherto 


failed to obtain any evidence of it. 


When the bed of mineral is thus worked out over a given area up to a solid pillar 
of the mineral, surface subsidence necessarily occurs. Surface damage may also 
result, but there is abundant evidence that surface subsidenve may occur without 
surface damage, even to important brick buildings, while it is obviously impossible to 
have surface damage of the kind we are considering without surface subsidence. 
Surface subsidence being, therefore, the cause of surface damage, it is all-important to 
study the former first, and I hold, as stated by Mr. Eavenson, that in many cases the 
evidence of the two has been confused; evidence as to surface subsidence can only be 
obtained by careful leveling. 

When a portion of a mineral bed is worked out as above indicated, subsidence 
occurs over the worked-out area and extends, gradually diminishing in amount, until 
a line of zero subsidence, 7. ¢., a line at which the surface is unaffected, is reached; a 
plane may be supposed to pass through the line of zero subsidence and the edge of the 
pillar of unwrought mineral, and the angle which this plane makes with the vertical 
plane through the edge of the pillar is known as the angle of draw. When the angle 
of draw exteads over the pillar of unwrought mineral as indicated in Fig. 10, I speak of 
this as positive draw; if the line of zero subsidence is perpendicular above the edge 
of the unwrought pillar, as in Fig. 11, I should call this a case of zero draw, and if the line 
of zero subsidence falls within the excavated area and not over the unwrought pillar, as 
in Fig. 12, I should call this negative draw. When the term draw is used without any 
qualification, positive draw is always meant, and in my experience I have come across 
no other. This view appears to be shared by all European mining engineers who have 
written on the subject, and will be found particularly set forth in the various German 
publications on the subject and in much detail in recent books by A. H. Goldreich. 
The view has been very definitely expressed by one of our leading authorities, T. A. 
O’Donahue, in his evidence before the Royal Commission on Mining Subsidence, 
where on p. 103 he states ‘“‘there is a ‘pull’ or ‘draw’ beyond the edges of the workings. 
This has now been well established and is fully recognized,” and, further, in a reply 
to one of my questions (No. 1472, p. 107) he said: ‘The extent of the subsidence in 
my opinion is always much greater than the area of working.’ Since this appears 
to be.the main point upon which Mr. Eavenson and some of the other speakers held 


views different from mine I am laying considerable emphasis upon it. 


- the radius. of pe woul 
and a. is the angle of draw | 
that has to be supported, and iL mae i 
mineral i in order to support adequately an area on the surfa 
area plus a belt surrounding it of a width equal to D tan a; ii 
speak of such a width as above indicated as the draw, expressing it asa. le n 
than as an angle. Apparently Mr. Norris appears to hold somewhat similar 
inasmuch as he says: ‘‘On the other hand, I know of repeated instances where tl 
leaving of a single large pillar for the support of some special property resulted 
absolute destruction of that property from side pull.” Evidently what he speaks of as 
side pull, I speak of as draw, and it is clear to my mind that the reason for the destruc-_ 
tion to which he refers is simply that the pillar leftistoosmall. I take it that everyone — x 
who has had to do with cases of damage from subsidence due to coal mining has had — 
similar experiences. The evidence concerning draw is perhaps most clearly apparent _ 
when considering the pillars which mining engineers are in the habit of leaving forthe _ 
protection of the mine shafts and of the structures about the shaft mouth. Obviously ar 
on account of the draw, such pillars must be larger in lower seams than in upper ones, — ‘ 
and as far as my experience goes they are invariably made in this way. When I find 
mining engineers habitually leaving shaft pillars of smaller size in lower seams than in 
upper ones, I shall begin to believe in negative draw—but not until then. 


_The universality of the practice of shaft pillars to which I have referred is, in my _ 
opinion, the strongest possible evidence that negative draw does not exist. I q 
believe that the phenomena of subsidence are such as are shown in my Fig. 10, where | 


XY is the edge of the excavation or of the pillar of unwrought mineral, AX being the . 
perpendicular above the edge of the pillar. XB represents the plane of draw; the 
original surface of the ground (assumed horizontal) is represented by the line DAB 
and the ultimate result of the subsidence is shown by the line HCB, where C lies 
within the excavated area. The full subsidence I take, therefore, to be generally 
over an area less than the excavated area; within this area of full subsidence the 
motion of the surface is purely vertical and surface damage cannot be done by purely 
vertical motion; any damage within the area of full subsidence would, therefore be 
caused during a preliminary period when that area is in course of being worked oak 
and has not yet been fully worked out. There are numerous examples of even delicate 
structures within this area going down a good many feet without receiving any damage 
and other cases where cracks formed during the course of working have closed seahn 
when subsidence was complete. The conditions for little or no surface damage within 
this area appear to be rapid rate of extraction of the mineral, starting if possible from 
the center of the structure, and considerable depth of the seam of mineral, or in other 
words the time occupied in the extraction of the mineral from below thelsicactare in 
question must be short relative to the time taken by the propagation of the subsidence 
of the immediate roof of the deposit to the surface. Within the zone CB there i 
obviously lateral as well as vertical movement; in the lower part of that zone, me 
stresses are obviously compressive, whereas in the upper part tensile stresses occur; it 
seems safe to say that surface cracks can be caused only by tensile stresses and th t 
they must therefore be limited to this particular zone. : 
Thave thus given what I hold to be a correct account of the phenomena of surf 
subsidence that accompany the excavation of a practically horizontal bed of mi oat 
When the beds are inclined, a much more complicated set of phenomena arises, which 
I do not propose to discuss here. Further, while I am clear as to the nature of ee 
phenomena, I am unable to quantify any of my data, the figures I have given b : 
purely diagrammatic. All that I am able to say is that as far as my experien aes 
the angle of draw in coal measure strata generally varies from 5° to Oke oe. 
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the smaller angle the larger the proportion of hard sandstones and the larger 
the angle the larger the proportion of soft tough shales. In secondary strata 
the angle of draw appears to be from 15° to 30°. In flexible recent strata such as 
boulder clay, the angle of draw may be even greater than above indicated, or else such 
strata may go down bodily, simply molding themselves to the shape of the underlying 
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harder beds, rounding and softening the angles formed by the latter. The presence of 
still less consistent beds, such as quicksands, may entirely upset all the conclusions 
above set forth, and often causes subsidence at points very remote from the excava- 
tions that have actually brought it about. 

It may be objected that I have confined my 
observations to the most elementary case, so 
simple as to be met with but rarely in practice. 
This is perfectly true, but I hold that until agree- 
ment is reached as to what happens in the 
simplest possible case, it is hopeless to discuss 
those presenting greater complexities of mathe- 
matical analysis. 

H. N. Eavenson (written discussion).—The 
writer regrets that he did not represent Professor 
Louis’ views correctly, as he thought that he 
understood them at the time and tried to explain 
them correctly. There should be no difference 
in the action of surface subsidence, caused by 
the working of any kind of mineral, the methods 
of working, pitch and thickness of seam and 
character of strata being the same, and Professor 
Louis is entirely correct in saying that we should 
agree upon the fundamentals as developed by 


the simplest class of cases. 
In the United States, unfortunately, there have been few levels taken over areas 


under which mining was to be done, and nearly all of the records we have where actual 
levels were taken are of areas covering only the actual mining, and not outside of it, 
and in such cases of course the information is not such as to definitely settle the point 
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mes a 
Professor Louis raises. Among many engineers there has been, I think, confusion © 


between the terms “surface subsidence” and “surface damage,” and in most cases 


when subsidence was referred to, the second term, and not the first one, was meant. — 
Agreement is general with the statement that in longwall mining the draw is always 


positive, and all records show that this is true in the United States as well as abroad. ca 


In room and pillar mining, in the case supposed by Professor Louis, all the available — 
data were given in the Report of the Subcommittee on Coal Mining to the Committee 
on Ground Movement and Subsidence.? Figs. 27, 29, 30 and 31 show cases of room 
and pillar mining in India where levels failed to show subsidence outside of the worked- 
out areas. There are other cases shown where the subsidence found was outside of the 
area mined out, but in every one there are other conditions, such as an unusual depth 
of surface wash, irregularity of mining, etc., that obscure the cause of subsidence. 

Since the publication of the above mentioned report the record of another case 
of subsidence has become available. This record shows clearly that there was a 
positive draw in some cases, but not in all; the level intervals were so great that at 
times the draw is shown positive where probably it was not so. 

It has never been clear to the writer why subsidence over areas mined by room and 
pillar, particularly where the long break lines of concentrated mining are used, should 
be different from that over longwall mining, and this record seems to show that in 
some cases, at least, there is no difference. The writer has persuaded a company ~ 
operating in Eastern Kentucky to take some levels to test this fact further, and will 
submit these upon completion, and will also try and secure other data elsewhere. 


G. S. Rick (written discussion)‘4.—It is evident from Professor Louis’ remarks that 
he holds a different opinion on certain phenomena connected with a specific type of 
surface subsidence from mining than is held by many engineers in the United States. 
The question which appears to be at issue is whether or not the line or plane of “‘draw”’ 
produced in ground movement resulting from extraction of pillars may, under certain 
conditions, be vertical or even inclined toward the workings rather than inclined for- 
ward over the unworked mineral, as it is universally agreed occurs in mining by the 
longwall advancing method. 

In discussing this case it is well to take the simplest condition, such as specified 
by Professor Louis, of a flat bed, whether it be coal, iron or other mineral, where 
the overburden is stratified rock and where there is no overlying quicksand. Professor 
Louis says in effect that his experience is that the ultimate angle of draw is always 
positive and inclined 5° to 15° from the perpendicular over the unwrought mineral. 
My experience under Illinois coal-mining conditions is that where longwall advancing is 
used the draw is always positive as Professor Louis describes it, but that in extraction of 
panels by withdrawal of pillars, the ground movement is manifested, after the first roof 
beam break, by the forming of an unstable dome over the goaf. Then subse- 
quently, by the falling of Individual slabs from the under side, the dome gets larger 
and higher until it breaks through to the surface of the rock. Up to this time, arch 
stresses buttress the rocks above the solid coal or mineral. When, however, after the 
dome breaks through and the central hole enlarges so the arch is no longer sufficiently 
supported the stratified rocks cantilever out from over the solid unworked mineral 
and tend to break off in masses triangular in vertical cross-section, until the broken 
loose material, sliding down against the solid rock, has such a thrust that it balances the 
tendency for the solid stratified rock to break away and slide toward the excavation. 

This suggested progressive action is shown by a series of diagrams, Figs. 13 to 16. 


* Report of Subcommittee on Coal Mining to Committee on Ground Movement 
and Subsidence. Trans. A. I. M. E. (1926) 74, 734, 


* Discussion of Professor Louis’ contribution, for which see p. 1388. 
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_ Tconelude that the final angle of the break or plane of draw is determined by the. 
counterbalancing of several forces, namely, the tendency, through the stress of gravity, 
for the solid overburden, adjacent to the broken ground, to shear its support diagonally 
and slide toward the excavation, opposed by the resistance to shear of this support, 


and the tensile strength in the higher 
strata against pull or draw, in addition 
to the opposing thrust of the broken 
rock buttressed against the plane of the 
break. 


dome breaking through to the surface is 
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shown in Fig. 13 of that paper. The 
photograph was taken from Bulletin 17.° 
This work was the product of one of 
the studies carried on in cooperation by 
the U. S. Bureau of Mines, the Illinois 
State Geological Survey and the Uni- 
versity of Illinois. Similar findings as 
regards the movement and subsidence 
from mining were obtained in a pro- 
longed study, following the establish- 
ment of lines of monuments in the 
respective cases, conducted by the Swface, a 
Bureau of Mines over a period of about 
10 years under this same cooperation. 
The results appear in U. 8S. Bureau of 
Mines, Bulletin 238.7 

Four conditions were studied under 
which the draw was determined more 
or less satisfactory: 

1. In the northern Illinois longwall 
coal field, where longwall advancing is 
practiced, it was found that the plane of draw was always inclined over the unworked 
coal; thus giving a “‘positive draw.” 

2. In southern Illinois, where a panel room and pillar system was being carried on, 
a “negative draw”’ was found. In this case the coal is about 814 ft. thick, but 1 
ft. of roof coal was left in place. The pillar extraction was not complete. A subsid- 
ence of about 2 ft., or about 25 per cent. of the thickness of the coal, occurred in the 
middle of the panel, but did not extend to the sides of the panel, presumably because the 
remaining pillars and the gradual filling by loose rock of the excavations prevented, or 
at least has indefinitely postponed, subsidence near the sides of the panel. 

8. In southern Illinois, in Macoupin County, where a panel room and pillar system 
was being carried on, the evidence was incomplete because movements had not yet taken 
place at the surface. Here the coal is 7} ft. thick. One-half of the coal was extracted, 


, THIRD STAGE. 
Arch D-D-D Broken through. Subsidence occurs 
‘4 VW; 


OURTH STAGE 
Subsidence Nearly Complete 


Figs. 13-16. 


5G. S. Rice: Some Problems in Ground Movement and Subsidence. Trans. 
A. I. M. E. (1923) 69, 374. See pages 387-391. 

6T,. E. Young: Surface Subsidence in Illinois Resulting from Coal Mining. Ill. 
Geol. Survey Bull. 17 (1916). 

70, A. Herbert and J. J. Rutledge: Op. cit. 
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-but as the bottom was clay it was expected that there would be a gradual squeeze. 
At the time the bulletin was prepared, while there was evidence of squeezing under- 
ground, the clearance between the roof and floor, which had been 7 ly to 8 ft., was only 
4 to 414 ft. at the time the last observations were made. 

4. The fourth case was a study of panel room and pillar mining in Franklin County. 
In this case, as in cases 2 and 3, no pillar of coal was extracted until all the advancing 
work in the panel had been finished. The coal was 9 ft. thick. One foot was left up 
asa roof support.. The amount of the extraction of the pillars was not obtained. The 
coal bed is 500 ft. below the surface. Subsequently breaks appeared and a maximum 
subsidence of 2.67 ft. occurred. There was a slight extension of subsidence at some 
places beyond the vertical planes extending upward from the sides of the panels, but 


this I attribute to there being water-bearing glacial gravel and silt 75 ft. thick, over- - 


lying the rocks. 

In cases which came under my personal observation in Fulton County, Illinois, a 
5-ft. coal bed lies in some places only 50 or 60 ft. below the surface and there was 
no attempt to extract the pillars, which between rooms were quite small, 7 or 8 ft. 
wide. The roof material was largely shale. The rooms caved as soon as the timbers 
rotted, or before, and several years later subsidence appeared at the surface. Shearing 
of the overlying shales was so nearly vertical that on the surface one could see just how 
the mine had been worked, as the surface practically presented a relief map of the mine 
in reverse. The influence of geologic faults has, of course, a most important influence 
on the extent of a draw. I think it is rare when the effects of a draw extend beyond a 
more or less vertical fault. As indicated in my paper given in 1923, following the 
extraction of pillars in a panel, domal action would result, and ultimately around the 
edges of the panel there would be a plane of shear equivalent to a fault or plane, and 
this would mark the extent to which ground movement would go toward the area 
over the unworked mineral. Also, the rock over the unworked mineral would stand 
indefinitely, due to the thrust support of the loose material. If, on the other hand, this 
loose material were taken away, as is the case in block caving at the Inspiration and 
Miami mines, then there would be a slide movement toward the area under which the 
mineral had been worked. 

Therefore I conclude, as previously indicated, that while the plane of draw under 
the conditions named of room and pillar panel withdrawal, the subsidence is generally 
within the vertical; nevertheless the conditions may be such that the plane of draw will 
extend over the unworked mineral, as it certainly always does in the case of advancing 
longwall. Itis a question of the balancing of the several forces involved, which are too 
complicated and variable to express in a general mathematical formula. 


C. C. Rip, Cowdenbeath, Scotland (written discussion).—The remarks of Mr. 
Norris are most interesting and it is evident that he appreciates all the factors govern- 
ing the subject. 

In dealing with pillar and stall work, it is quite clear that it is somewhat dogmatic 
to figure on any empirical formula on the safe squeezing strength of coal pillars in 
place since there are no two coal seams with the same characteristics. 

An instance may be cited in a coal seam of some 20 ft. in thickness which contains 
a band of fusain varying between 3 and 5 in. in thickness. In this case, the pillars 
would be adequate in size for the superincumbent mass under ordinary conditions but 
it is believed to be the cause of fires on any movement whatsoever taking place in an 
area. which has already been opened out. The pillars are not robbed. In such cases 
it is absolutely imperative to prevent any movement whatsoever. i 

It is not altogether a matter of considering the seams at present being worked 
but, in many instances, a serious consideration where previous workings on higher or 
lower horizons have to be treated. Cases are common where, on wuelaag new seams 
crush has been set up over an already worked area with serious subsidence. 
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: Just as a pillar of support, in an engineering sense, considers height and load dis- 
. tribution, so a pillar of coal must be treated from the points of view of thickness of 
coal and the superincumbent strata, and since all coal seams are not flat, the further 
consideration of inclination demands further treatment. 

F In dealing with the question of flushing or careful packing, the value of which is an 
‘ extremely variable factor depending on the efficiency of such work, it is quite feasible 
to visualize that, in a flat working, flushing cannot be nearly so efficient as in an inclined 
working. Packing must be undertaken before the commencement of subsidence, 
otherwise an increased subsidence will be the result. Both terms are extremely loosely 
applied in mining and, unless very careful supervision is undertaken, even hand pack- 
ing may show very disappointing results. 

It is quite evident that the influence of depth has a very important bearing on 
subsidence and, with the American problem of shallow depths, the danger of surface 
damage is extremely likely, even with the most careful and systematic packing under- 
ground, and an amount of subsidence is certain to take place. While subsidence 
cannot be prevented, there is no question whatsoever of being able to control it. 

In dealing with longwall working as compared to pillar and stall working it is 
believed that the former system operating on equal thicknesses of seams will show less 
surface damage provided that adequate packing is undertaken. Longwall work 
embodies system, regularity and rapidity of operation. It is well known that 
speed of advance or retreat is an important factor regulating the gradual and 
continuous subsidence of the superincumbent strata. 

Solid pillars of coal abandoned for the purpose of protecting buildings are undoubt- 
edly positions on which fracture has its maximum intensity. 

The descriptive work illustrating the facts stated by H. W. Montz are extremely 
interesting and should form a valuable nucleus for the compilation of data on this 
important work of subsidence. 

Mr. Montz has put his statements forward very frankly and the outline at the 
conclusion of his paper will no doubt enable mining engineers to formulate information 
as a guide to future operations. 


H. N. Eavenson.—I think that Professor Louis perhaps misunderstood our posi- 
tion. I do not believe that we have yet enough evidence from which to draw definite 
conclusions, but so far we are safe in saying that the results of our investigations 
of the records available have shown that there is a considerable difference in the action 
of room and pillar mining and in longwall mining. Perhaps that is caused by the fact 
that in most of our cases the records show levels only for the territory immediately 
over the mined-out area, and that they do not extend far enough away from this 
area to show whether there was subsidence or not, and it may be that more extended 
levels will show that conditions are the same as over longwall mining. 

I had another check made recently in connection with this matter in a case of 
subsidence reported by Mr. Hesse, and he said that he did find a very slight subsidence 
over a'solid area but it was only about 50 or 60 ft. away from the worked-out line, the 
depth being about 500 ft. The levels in this case were taken along a public road, and 
as a great deal of work has been done on our roads, it is possible that they may not be 
in exactly the same place, but this is one of the few places where levels show subsidence 
extending outside of the worked-out areas. 


R. D. Hatu.—I think that the difference in the point of view between the mining 
men in England and the United States is due to the fact that in England they, in gen- 
eral, are mining deep seams and here we, usually, are mining shallow seams. 

The use of the words ‘“‘negative draw” is objectionable. “Draw ”’ is the same as 
“drag,” and there is no drag at the surface when the roof breaks between pillars. 
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When the roof breaks there, it is often due to shear and not to bending moment. 
The lower measures sometimes break one by one each a little farther from the 
line of the pillar until occasionally the surface of the ground is reached. These latter 
actions are due to bending-moment failures of slabs that are detached from each other 
because of a natural polylithic structure or because of swelling ground. 

We have in some places distinct evidences of failure from shear. One occurred 
in the mines of the Consolidation Coal Co. The measures broke in large vertical and 
horizontal steps like those of an ancient pyramid from the surface to the coal or, if 
you will, from the coal to the surface, for the failures were probably synchronous. The 
engineers measured the break crawling up in the crevices resulting. The cover was 
shallow or the shear would not have occurred. 

There are many instances throughout the country where there have been breaks 
over the coal with room and pillar mining. Some time ago I received a letter from an 
engineer in Virginia saying that at his mines there was a break of this kind over an 
area that had been first mined. It extended 200 ft. over the pillar line which was a 
long one. The gap made in the surface at the point of draw was a foot or so wide. 


G. S. Ricz.—Is that in retreating longwall? 
R. D. Hatu.—No; it is in the removal of room pillars along a long “break line.” 


G. 8. Ricz.—That for all intents and purposes is longwall. Where you have a 
limited area mined by room and pillar work as indicated by survey in subsidence 
studies by J. J. Rutledge and others in Illinois or in the studies made by H. N. 
Eavenson, the line of break or draw generally does not extend over the solid, unless 
there is overlying drift in silt material which runs or slides. The foregoing conclu- 
sion is conditioned on flat-lying beds, the generally strong rocks found in coal 
measures in the United States and mining at moderate depths, say, less than 1500 
feet. 


R. D. Hati.—Of course, there is never a break up to the surface over a single room 
unless the bed being worked is relatively shallow. 


a 


The Royal Commission on Mining Subsidence 


By Henry Lovtis,* Newcastie-on-Tynz, ENGLAND 
(New York Meeting, February, 1929) 


Tue work performed by the Royal Commission on Mining Subsidence 
is likely to prove of permanent value, less perhaps for the conclusions 
it has reached and for the recommendations it has based upon these 
than for the admirable exposition which it affords of the law concerning 
mining subsidence and of the legal status of the person who has suffered 
damage by reason of such subsidence, as also of him whose working has 
caused the damage. The Commission was appointed by Royal Warrant 
in the middle of 1925 and delivered its final report in the middle of 
1927. ‘The terms of reference to the Commission were as follows: 

“To consider the operation of the law relating to the support of the 
surface of the land, and of buildings or works on or under the surface, by 
underlying or adjacent minerals; to enquire into the extent and gravity 
of the damage caused by subsidence owing to the extraction of minerals 
and the incidence of the resulting liability; and to report what steps 
should be taken, by legislation or otherwise, to remedy, equitably to all 
persons concerned, any defects or hardships that may be found to arise 
in existing conditions.” 


Report ON THE DONCASTER AREA 


The Commission submitted an interim report at the end of 1925, 
which referred solely to one area, usually spoken of as the Doncaster 
area, and recommended that a Commission of a more technical character 
be appointed to investigate this particular case. This recommendation 
was acted upon, and the Commission thus appointed reported early in 
1928. Here it is necessary only to indicate the nature of the special 
problem that had to be solved, the proposed solution being mainly of 
local interest. ‘The Doncaster area consists of about 330 sq. miles of 
low-lying land in the southeasterly portion of Yorkshire and adjoining 
parts of Lincolnshire and Nottinghamshire. No less than 78 per cent. 
of this land lies below the 25-ft. contour line, and a good deal is even 
below high-water level. It includes a large tract of land known as 
Hatfield Chase, swampy ground which has always been a source of 
trouble on that account, so much so that in 1626 a Dutchman, Cornelius 
Vermuyden, was called in by King Charles I to devise and execute 
schemes of drainage for its reclamation. The entire Doncaster area is 
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drained by certain comparatively sluggish rivers, numerous artificial 


drains or water courses and some pumping stations. It is underlain by © - 


a series of valuable coal seams, the most important and best known of 
which is the Barnsley seam. In addition to the trouble caused by the 
general low level of the land, a further difficulty arises in that the seams 
dip to the eastward in the same direction as the natural flow of drainage 
of the area. Since these seams were naturally first attacked at their 
outcrops, the workings proceeding gradually to the dip, the subsidence 
produced by these workings tilts the surface in the opposite direction 
to that of the natural drainage. The thickness of the workable seams 
is estimated as ranging between 5 and 20 ft. and appears but rarely to 
be under 10 ft., and the subsidence produced by working the coal appears 
to be about two-thirds of the thickness of the coal wrought. Such an 
amount of subsidence would under normal conditions be of but trifling 
importance, but in this low-lying ground, in the circumstances described, 
it is a very serious matter and the duty laid upon the Commission 
specially appointed thereto was to suggest suitable remedial measures. 


Tue Existing Law 


To return now to the Royal Commission: Evidence as to the existing 
law was submitted by Mr. D. D. Reid, M. P., of the English Bar, by 
the Rt. Hon. H. P. MacMillan, K. C., of the Scottish Bar, and by 
Mr. E. A. Gowers, C. B. (now Sir Ernest Gowers, K. B. E.), Under- 
Secretary to the Mines Department, and this constitutes a record which 
will no doubt be frequently referred to in the future. The whole of 
this has been ably summarized in the Report of the Commission, the 
summary deriving a highly authoritative character from the legal 
eminence of the Chairman of the Commission, Lord Blanesburgh, one 
of the Lords of Appeal. It is pointed out: (1) that the law recognizes 
a property in unsevered minerals as complete in every respect as that 
which it recognizes in land itself; (2) that where the surface and the 
subjacent and adjacent strata are in separate ownerships the surface 
in its natural state is entitled to support from these strata, this statement 
being equally true whether the strata in question consist of coal or some 
other valuable mineral, or not. If withdrawal of support of the surface 
is even threatened the mineral worker may be restrained by injunction 
or interdict, and if support has been withdrawn and damage to the 
surface ensues, the mineral worker, and he alone, is liable to make 
compensation for such damage to the surface owner. It is also pointed 
out that the Courts have always been careful to protect the surface 
owner, but have always recognized the unfettered right of the owner of 
both the minerals and the surface to part with either one or other sepa- 
rately, making such stipulations as he may please at the time of severance, 
but they have always held that such grant gives no authority to let 
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down the surface unless the power so to do be unequivocally set forth 
in the instrument of severance; this is true equally when the instrument 
is a grant of the minerals, by so-called lease or otherwise, with reservation 
of the surface, or when it is a transfer of the surface with a reservation 
of the minerals. 


Tuer Mines Act or 1923 


These statements unquestionably embody the law of the land at the 
. time when the Commission was appointed, but the absolute right of the 
surface to support has since been profoundly modified by the Mines 
(Working Facilities and Support) Act, 1923, which came into force on 
Jan. 1, 1924, and of the operation of which we have, therefore, now had 
five years’ experience. This Act, which is repeatedly cited in the Report 
of the Commission, has a most profound bearing upon the whole question, 
and, though it passed into law with but little comment, it may fairly 
be described as one of the most socialistic measures on our ‘statute 
book. Its effect is that the right of the surface owner to have that surface 
supported is no longer absolute. The legislature has enacted that the 
mineral worker may, under conditions laid down by the Act, let down 
the surface, though he is still liable to make compensation for any damage 
caused by the subsidence due to his workings. In other words, the 
remedy of the surface owner is now no longer an injunction to prevent 
his surface from being lowered, but merely monetary compensation for 
any damage he may suffer as the result of such subsidence. This Act 
immensely simplified the work of the Commission, which in the words 
of the report is ‘‘not now concerned in this enquiry with the restora- 
tion of a specific property right, but always with the allocation of a 
pecuniary burden.” 


RECOMMENDATIONS BY THE COMMISSION 


The Commission considered in this light the cases of the several 
classes of owners of surface rights that might be affected by mining 
subsidence, such as public authorities, public utility companies and 
private owners, and came to the conclusion that it was only in respect 
of the last named that the present position required any serious modifi- 
cation and then only within certain limitations which the report defines. 
The Commission specifically limits its concern to the case of the small- 
house owner, the worker who is of necessity compelled to live near his 
work and, therefore, on ground liable to subsidence, while he may also 
be compelled through the necessities of the case to build his house upon 
a surface from which the right of compensation for damage by subsidence 
has been definitely taken away at the time of the severance of the 
minerals and the surface. The Commission recommends that in such 
eases, subject to certain specified conditions, the right to compensation 
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for damage shall be decaied to the private owners or occupiers of such 
existing houses. With regard to future houses, the Commission recom-_ 
mends that the purchaser or lessee of such property which carries no 


right to compensation for damage done by the working of the minerals 


shall be distinctly informed of the risk he is running by an indorsement 
on the conveyance or lease of a definite statement to this effect. Another 
recommendation is that power shall be given to interested parties to — 
obtain disclosure, subject to proper safeguards, of the plans of collieries 
whose workings may in the future affect the surface i in ms such parties 
are or propose to become interested. 

These are the main conclusions ‘and recommendations of the Royal 
Commission on Mining Subsidence, and it now remains to be seen whether 
legislation will give effect to any or all of the recommendations. Whether 
such legislation ensues or not, the Commission has succeeded in suceinctly 
and authoritatively defining the present position; seeing that this valuable 
result has been attained, it may fairly be claimed that the labors of the 
Commission have not been in vain. 


DISCUSSION 


G. S. Ricz, Washington, D. C.—This paper by Professor Louis, a member of the 
recent Royal Commission on Mining Subsidence, was prepared at the request of the 
A. I. M. E. Committee on Ground Movement and Subsidence. He points out that 
the result of the Mines (Working Facilities and Support) Act, 1923, has been to modify 
profoundly the historic British policy in respect to the unqualified right of the surface 
owner for complete support of the surface in the case of mining operations under it 
by a second party. 


H. G. Moutton, New York, N. Y.—Two years ago Mr. Bosworth, of Denver, pre- 
sented a paper! to the committee on the legal situation in the United States with 
respect to subsidence caused by mining. The change in policy which has occurred 
in Great Britain is far-reaching and appears to place mining operations in Great 
Britain on the basis as respects surface support which Mr. Bosworth contended 
should prevail in the United States in spite of many legal decisions to the contrary. 


G. 8. Ricz.—Although I assume that the change in policy in Great Britain would 
not have any significance as a legal precedent in this country, it does suggest how far 
a country concerned in its mineral resources may go to attain what most public- 
spirited men in any country will agree is desirable in preventing the loss of a national 
mineral resource, even though the ownership of that resource is in private hands. 
There should, of course, be liberal compensations for actual damages paid to the 
owner of the surface and some governmental control of the methods used. It appears, 
from what Professor Louis says, that the change of policy in Great Britain was largely 
an inadvertent one, but it has placed on a good engineering basis the securing of the 
maximum amount of mineral attainable by efficient mining and it seems like a more 
sensible basis than the one which now prevails, under which, for example, in one part 


1R. G. Bosworth: Does the Subsurface Owner Owe an Absolute Duty to Support 


the Surface? A. I. M. E. Pamphlet 1640 (1927). For discussion see A. I. M. 
Technical Publication 116 (1928). 
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in some instances, large blocks are permanently left for the support of some insig- 

nificant buildings. 
q i. The situation in Great Britain will now be more nearly parallel, except in close 
a governmental control of mining methods, to that which has prevailed in France from 
4 the time of the French kings when concessions were granted by the crown for mining. 
:. The owner of the surface does not own the underlying mineral and now the govern- 
; ment, in place of the king, grants concessions to an individual or company to minerals 
s underlying certain areas, laid out by the government, without respect to the surface 
ownership. These concessions pay an annual rental per unit of surficial area. The 
4 chief returns to the government, however, are through a share in the net proceeds 
of the mining operations. As I understand it, the mining company which has obtained 
Zz the concession must make its own arrangements about obtaining the necessary area 
of surface from which to conduct the underground operations. 

If surface damage ensues in a mine and subsidence occurs as it always does in 
France, where the complete extraction of the minerals is expected, the company must 
pay for the actual damage but not for imaginary damages. The extent of damages 
is determined by a government commission in each respective coal field. I noticed 
that in certain cities like St. Etienne where there are underlying thick beds of coal, 
one of them 40 ft. thick, old surface buildings show much cracking and distortion 
from ancient mining. Now the government is exercising a closer control over mining 
A methods and to assist the commission in determining future degrees of damage, small 
i cement block-coatings are plastered at intervals over characteristic subsidence 

cracks, and the date marked on each block. Thus if further movement occurs, it 

will crack the block, and the amount may be measured, then a new block will be 

placed over the enlarged crack. In going about the older part of the city one will 
: observe many such marking blocks. : 

In recent mining operations the government has required improved mining 
methods, using thorough complete packing of all excavations—ramming in the rock, 
some of which is quarried on the surface. At some mines the hydraulic stowing 
method is used. As there are no extensive gravel or sand deposits available, as in 
parts of Germany, a friable rock is quarried and crushed for hydraulic stowing. By 
these methods surface subsidence is much lessened and as the method used is longwall 
it sinks evenly and there is comparatively little damage to surface constructions. 

Where the surface improvements are important, as in the case of buildings or 
canals, or where there are questions such’as mining under water courses, the govern- 
ment inspection service has the right to state how the method of mining shall be done 
and the order in which it may be done, although in the actual operations of mining 
the initiative rests with the mining company. ‘This plan of controlled mining oper- 
ations in France, in which the government is virtually a partner in the business, 
appears unique among national industrial systems of different countries of the world. 
In so far as a visitor may judge, it works out admirably and coal-mining operations, 
unlike those of most countries generally, have been profitable undertakings. I have 
an idea that France wishes to conserve its coal resources at the expense of importing 
one-fourth of its fuel needs. 

In this country, the original colonies doubtless inherited from Great Britain the 
idea that the owner of the surface owned the underlying mineral, unless severed by 
sale, also the principle that the owner of the surface is entitled to complete support, 
unless the deed of sale to him specifically stated otherwise. 


5 of this country, 50 per cent. of the coal has to be left to support the surface. Also, 
q 


H. N. Eavenson, Pittsburgh, Pa.—During the past year, while in the Ruhr, in 
Germany, I was informed that the practice there is for all coal to be removed and all 
excavations to be back-filled, as required by the mining law. The operator has the 
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right to remove all the coal, but must pay the surface owner the damages caused by 
doing so, and these damages are included as an operating item. 

G. 8. Ricz.—In Germany the Department of Mines has an important influence. 
It has assumed the right—one of the mine owners recently told me that it is now 
being disputed—to pass on the mining method and to compel stowing of the workings. 
Probably this control was not disputed under the former imperial government. I 
recall, in visiting before the war the Krupp coal mines working under the Krupp 
works, being told that the government would not permit them to mine there, unless 
they used the hydraulic stowing method. Recently, when I again visited these 
Krupp mines, they were using a new method of dry mechanical stowing by a machine 
which had been designed by one of the engineers, and while the result of dry stowing 
was not as good as hydraulic stowing the subsidence being 20 per cent. as compared 
with 5 or 10 per cent. with hydraulic stowing, the government was permitting its use. 

In other cases in Germany as in the thick coals of Upper Silesia, the mine owners 
were said to be protesting against the government’s making them, in that case, use 
hydraulic stowing because of the added cost; nevertheless the government was still 
proceeding on the basis that it had the right to prescribe methods which would 
prevent what it considers serious damage, either in loss of mineral, or in affecting 
the surface. 

In certain towns and cities in Germany they have been very stringent in the 
regulation of mining under valuable improvements. I recall that in one town, 
Zwickau, in mining a 20-ft. bed of coal the mining company could not expose more 
than a certain area of unsupported roof before they had to hydraulically stow the 
excavation. This mine was going under an ancient part of the town, under fine old 
churches and historic buildings which they valued very highly. The work was 
being done at a very high cost; they were quarrying friable stone, crushing it and 
transporting it about 10 miles, before it was put into the mine by water. It was 
reported that the subsidence of the surface was only about 1 or 2 per cent. I was 
unable to observe any cracking in the Gothic arches of a large fine old church which 
was being mined under. 

In a talk with Professor Louis last summer he said that when Parliament passed 
this act they really did not know just what they were getting into and added that its 
effect was not felt for some years. 


H. N. Eavenson.—He said that it passed with very little attention. 


G. 8. Ricr.—Yes, he indicated that when it passed, mining men did not realize 
its significance so they unexpectedly have had this new method thrust upon them, 
which J] think is very advantageous from a mining and national conservation stand- 
point. ; 

L. E. Youne, Pittsburgh, Pa.—It seems to me that what we are all thinking 
about at this stage of the discussion is not specifically the engineering or technical 
aspect of subsidence, but rather a broader social point of view, namely, how we may 
recover the coal, develop the coal-mining industry and protect the surface. 

Mr. McAuliffe has just commented to me upon the fact that in certain of our 
agricultural regions the surface has been protected, and a much more valuable natural 
resource, namely the coal, is left in the ground in order to protect this surface. We 
are all familiar with that problem in certain districts. 

Another point of view is that of a large coal company located in a thickly populated 
neighborhood, where years ago the coal company acquired full right to mine the coal. 
In the course of time the city has spread out over the area which may be more or less 
undermined, and immediately the people who have built fine homes begin to worry 
about their foundations. Possibly all the coal has not been removed, and they 
attempt in various ways to prevent the removal of the coal. 
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The making of reservations means, of course, serious interference with the sys- 
tematic mining of the coal. In many cases damage would result to these houses in 
case only small reservations were made. A more serious problem is that of the streets 
and the public utilities which are established over the coal field. 

Mr. Rice has referred to the centrifugal machine in Germany. I have endeavored 
to find out whether it would have any practical application in those parts of the 
United States where we have 10 to 20 per cent. of waste material being taken outside. 
The problem is whether or not we can find some way other than hand stowing for 
placing that material in the cavities underground in a pillar or block system of mining. 
Those who are operating under physical conditions of that sort would be tremen- 
dously interested in finding some way to take rock out of pit cars and stow it under- 
ground at a low cost. 


E. McAvuirrz, Omaha, Neb.—Any movement of social value on the part of 
society is generally preceded by an educational campaign, sometimes perhaps rather 
irreverently referred to as propaganda. 

There is a definite economic waste taking place in our coal fields today. Perhaps 
southern Illinois is an example, where seams of coal 10 ft. thick are being mined on a 
basis as low as a 39 per cent. extraction. That is an extreme case, but it is the result 
of actual measurements made some years ago. The overlying surface is a yellow 
clay that never has raised a crop that compensated for the labor expended in pro- 
ducing it. 

Another case recently came to my attention in Colorado. Some time ago the 
Union Pacific Railroad Co. leased a piece of land in an irrigable district to a com- 
mercial operator. He was immediately assailed with injunction proceedings leading 
to interference with his mining, and so we went to the ground to make a study of 
the situation. We had the owner of the surface with us, and his plea was that at some 
future time he expected to carry an irrigation system over this land, and that mining 
would interfere with this project. The subsidence would not exceed 4 ft.; the ground 
was hilly and rolling and that situation could have been taken care of by following 
the new contours that would be established by any subsidence that might occur. 

This Institute has.a valuable opportunity to start a campaign of education leading 
to a better understanding of what the operator’s right is in the matter of removal. 


R. D. Hatt, New York, N. Y. (written discussion).—The servitude which the 
owner of the mineral rights owes to the owner of the superincumbent estate received 
in the United States its first declaration in the decision of Judge Thompson in the 
case of Jones v. Wagner, 66 Pa., 429 (1870); see “‘The Law Relating to the Mining 
of Coal in Pennsylvania,” by Albert B. Weimer, p. 149-150. 

In this decision Judge Thompson said “The right of supports, ex jure naturae, 
which the owner of the soil is entitled to receive from the minerals underneath, has 
within comparatively a few years, received much attention in the courts in England, 
and the rule deducible from the cases in all the courts, the House of Lords, Exchequer 
and Queen’s Bench, is that where there is no restriction or contract to the contrary, 
the subterranean or mining property is subservient to the surface to the extent of 
sufficient supports to sustain the latter, or in default there is liability to damages by 
the owners or workers of the former for any inquiry consequent thereon to the latter. 

“This is fully supported by Harris v. Ryding, 5 M. & W., supra, determined at 
Easter Term, 1839, in the Exchequer; Humphries v. Brogden, 1 Eng. & Kq., 251 
(1850), in the Queen’s Bench before Lord Campbell, C. J. and Patterson, Coleridge 
and Erle, J. J. 

“The whole question was there discussed most learnedly and ably by the Lord 
Chief Justice and the same result arrived at as had been in the Court of Exchequer, 
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supra, and in the case of the Earl of Glasgow v. The Hurlet Alum Co., House. unis. 
1850, 8 Eng. Law and Eq. 13. There are many other cases referred to in the English ‘& 


courts to the same effect by Rodgers on Mining, page 455, et seq. Among them are S 


Robotham v. Wilson, 8 H. L. Ca., 348; Pennington v. Gallard, 9 Exch. 1 . 

“We have no case strictly of pe re in our books nor do I find any in the Boke 
of our sister states . . . The upper and underground estates being several, they are 
governed by the same maxim which limits the use of property otherwise situated, 
sic utere tuo ut alienum non laedas.” 


H. N. Eavenson (written discussion).—The statement of Professor Louis of the 
present status of the English law about subsidence is very interesting. Our law is 
the same as the English law was, prior to the Mines (Working Facilities and Support) 
Act, 1923, but so far apparently no one here has suggested such a change as was made 
in England by that act. 

Our situation is apparently just the reverse of that in England, as in the anaes 
subsidence cases in Scranton and vicinity, and in the recent West Virginia case 
involving the working of an upper seam, the tendency is for surface owners and the 
owner of an upper seam to try to take away from the mine operator the waiver of 
surface support which he already has and has paid for, even though most of the 
anthracite companies are voluntarily sharing the cost of the damage done by their 
mining. 

In the bituminous fields of this country there are not many cases where the new 
English law would be of benefit to the mine owner, excepting in cases where an upper 
seam is being worked with the right of support and it is desirable to work a lower 
seam, where this law would enable the operator of the lower seam to remove all the 
coal if he could pay the damage done to the mine above. In a recent Pennsylvania 
case a company mining a thick limestone seam and having the right of support 
obtained an injunction against a company mining a thin coal seam about 30 ft. 
below it, proving that the removal of the coal would so damage the stone that it 
would be unminable. Under this English law the coal company could have con- 
tinued operations had it been financially able to pay the resulting damages. 

It would probably be difficult under our laws to enforce the requirement of the 
English law that purchasers of property which carries no right to compensation for 
damage be informed of the risk by indorsements on conveyances of a statement to 
that effect, although the provision about disclosure of future mining plans could be 
handled by the state mining departments. 

If the owners of the right to support are properly compensated when such pupport 
is removed, the writer can see no objection to such a change in the law. 


H. Lovis (written discussion).—In reference to the comments of Messrs. Rice, 
Moulton and Eavenson, the report of the Commission as yet has had no legislative 
result. Whether any of the recommendations of its report will be embodied in any 
future legislation or not cannot be stated at present. The profound modification of 
British policy is due not to any action of the Commission, but to the Mines (Working 
Facilities and Support) Act, 1928, which came into force shortly after the Commission 
had been appointed and long before the report of the Commission was issued. As 
stated by Mr. Eavenson and Mr. Rice, mining men did not appear to fully realize its 
significance when it was first passed. Since then it has attracted a great deal of 
attention. A full discussion of this Act will be found in the Transactions of the 
Institution of Mining Engineers.? There have been already issued two volumes of 
cases decided by the Railway and Canal Commission under the Act. 


* J. H. Cockburn: The Principles and Operations of the Mines (Working Facilities 
and Support) Act, 1923, Pt. I. Trans. Inst. Min. Engrs. (1924-25) 69, 435. 
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I disagree with the statement of Mr. Moulton that the change in policy due to this 
Act, is that which Mr. Bosworth, in his paper of 1927,? contended for. I think that 
Mr. Bosworth held that there’should be a differentiation in the right to let down the 
surface as between an instrument granting the minerals but reserving the surface 
and one transferring the surface with a reservation of the minerals. The report of 
the Royal Commission states definitely that in the British Law, even as modified by 
the 1923 Act, there is no such differentiation. 


3R. G. Bosworth: Op. cit. 
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Subsidence in Thick Freeport Coal 
By Joun M. Raysurn,* PirrspureH, Pa. 


(New York Meeting, February, 1930) 


WHEN plans were made for the new mine of the Allegheny-Pittsburgh 
Coal Co., Springdale, Pa., it was decided to operate on the room and 
pillar system, but not to have any extensive room development, the 
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Fie. 2—No. 2 Sour rip sEcrTion. 


pillar work being done altogether on the retreat. On each room heading 
five rooms were to be driven advancing, while five pillars were being 
removed, so timed as to form a continuous pillar line, with all approaching 


* Civil and Mining Engineer. 
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headings in solid coal. This method gave absolute control over all 
working places and the percentage of recovery has been unusually large, 
being over 94 per cent. The vein in the district affected by the subsidence 
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was uniformly 7 ft. thick, 12 in. of which was discarded and gobbed in 
all rooms in a systematic manner. 

The first pillar work in this mine was started in No. 1 South Section, 
Dec. 1, 1922. As considerable evidence of subsidence had shown up 
in an adjoining property, the idea was conceived that it would be desirable 
at this mine to establish base lines parallel to the direction of retreat 


company, located the lines as shown on the plans. The fi 7 se 
(Fig. 1) is over the No. 1 South Section and was located July A, 192: 
about 19 months after the pillar work was started. As a result, of - 
this, the records for several hundred feet are incomplete, because surface — ce 
subsidence had already occurred. The second line CD (Fig. 2) is over 

No. 2 South Section and was located at the same time, under — 
similar conditions. 
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Levels have been taken on these lines from time to time and are 
shown on the profiles, together with a tabulation of the elevations at 
various points at different dates (Figs. 3 and 4 and Tables 1 and 2). 

The record of the diamond-drill hole shows the type of formation 
overlying the coal. Unfortunately for the complete record, the company 
has been compelled to cease pillar work in these two sections for some 
time, but it will be resumed later. The four years shown in this record 
have apparently covered the greater part of the vertical subsidence; 
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it is likely that subsidence will continue, but in small am 
the profile it will be noticed that the breaking of the surface 


rather extensive landslides, which has prevented any determi n 
of lateral movement. This, no doubt, occurs to some extent in mc 


if not all cases. (TRE er 


TaBLE 2.—Record of Surface Subsidence over No. 2 South Rib Section 
along Line CD 


(Subsidence in Feet) " 

Station Mar. 4, | May 5, | July 5, | Sept. 5, | June 23, Aug. 9, Oct. 6, | Dec. 14, | May 24, 

1926 1926 1926 | 1926 1927 1927 1927 1927 | 1928 
3 +50 1.83 2.78 3.12 3.14 3.62 | 
4+00 1.49 2.65 3.14 3.26 3.83 . 
4+ 50 1.11 2.41 3.01 3.28 4.02 ; 
5 + 00 0.76 1.90 o7t 3.17 4.06 | = < 
5 +50 0.47 1.64 2.43 3.08 444°] | | } 
6 + 00 0.30 0.95 1.77 2.53 3.83 
6 + 50 0.16 0.50 1.28 2.05 4.19 
7 +00 0.11 0.27 0.89 1.49 4.31 
7+50 0.05 0.10 0.26 0.66 4.09 
8+00 | 0,06 0.09 0.30 0.45 4.21 . 
8 + 50 0.03 0.08 0.08 0.11 4.13 4.16 | 
9 + 00 0,06 0.06 0.06 0.06 3.91 3.95 | 
9 + 50 4.04 A | 
10 + 00 3.78 3.93 
10 + 50 3.55 3.84 
11 + 00 2.90 3.56 3.70 3.75 
11 + 50 1.51 2.17 2.51 2.61 2.66 
12 + 00 0.60 1.31 1.89 RAT 2.23 
12 + 50 0.48 1.19 1.93 2.39 2.44 
13 + 00 0.36 0.94 1.68 2.34 2.43 
13 + 50 0.09 | 0.48 | 1.08 1:87 1.99 
14 + 00 0.23 | 0.45 | 0.80 1.62 1.74 
14 + 50 0.22 0.33 0.39 pele 1.23 
15 + 00 | 0.27 | 0.40 
15 + 50 0.08 0.15 
16 + 00 0.01 | 0.10 

| 
*. 
DISCUSSION 


G. 8. Ricn, Washington, D. C.—The layout of the mine, as shown by the maps, is 
extraordinarily regular and the pillar retreating has evidently been carried on very 
systematically with long diagonal break-lines in the two sections of the mine. Since 
the pillars, judging by the map, have perhaps twice the width of the rooms, the work 
is virtually longwall retreating. 

Perhaps for the first time in this country we have a precise record by surveys 
of the subsidence in such systematic retreating work. It would be extremely interest- 
ing if we could have had a full record from the time the pillar extraction started from 
the respective barrier pillars, but what information has been obtained is very valuable. 
Apparently the effect on the overburden is practically identical with that produced 
by longwall advancing. There is the “draw” in advance of the break-line and this is 
what Prof. Henry Louis terms a “positive draw.” That is, the inclination is beyond 
the vertical and approximates 10° or more, making due allowance for the surface slopes. 
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H. N. Eavenson, Pittsburgh, Pa.—The case occurred in the mine of the Allegheny- 
Pittsburgh Coal Co., which is working in the thick Freeport coal. They established 
over some of their pillar workings survey monuments along two different lines and 
obtained the levels on these at different times. Unfortunately the records have not 
been completed because some question arose about mining rights under a small 
area of the Pittsburgh coal which is in the top of the hills. I was also a little sorry 
that the elevations were obtained on single lines instead of being for an area. As 
you see in the maps, they put the survey lines in the two cases at a 45° angle (hori- 
zontal) to the workings and about at right angles to the line of retreat. 

The results are notable in that it is one of the first cases where the Committee 


‘has definite information that the line of draw extended over the solid coal in room 


and pillar workings. 

As indicated on the profile of one of these lines, there was a big surface slip in 
May, 1928, which was undoubtedly caused by the movement of the strata below; 
hence, the apparent subsidence beyond the slip is twice as much as on the more level 
ground. You will note also that in section CD the maximum subsidence was 4.31 
ft., or nearly 60 per cent. of the thickness of the seam. 


G. S. Ricz.—I think that such time-subsidence studies as these are what we 
need in our ground movement studies. We often get records of total subsidence but 
without any relation to the relative position of the underground work at the time. 

In some instances there have been time studies made. A notable one is that 
which was carried out in northern Illinois under a cooperation between the Bureau of 
Mines, the Illinois Geological Survey and the Mining Department of the University 
of Illinois,! by which monuments were established over a piece of ground between 
two longwall mines and on this ground there was a high school building. In our 
cooperation it seems to me that this was the most ideal place to select and I think 


results proved it. 


H. I. Smrrx, Washington, D. C.—In the case of the subsidence study in the 
northern Illinois longwall working, in the preliminary studies in which I took part, 
we found that there was actually a raising of the surface ahead of the subsidence rather 
than a draw. ‘The results were published in the bulletin previously referred to. 


G. S. Riczr.—I have had occasion to study carefully the subsidence results. 
After Mr. Smith made the start in the surveying, the work was done by a succession of 
Bureau engineers in conjunction with the engineer of the mining company. Frankly, 
the surveys do not seem to harmonize. If one observes the respective tables of 
subsidences which are given in the bulletin it will be noted that the elevations of the 
different monuments for any one survey seem to run consistently either above or 
below a previous survey independent of the position of the mine face. Accordingly 
the curves in the profiles which appear in the bulletin cannot be drawn through the 
points of elevation on the different dates but have to be averaged. Hence, I do not 
think that the rise of surface ahead of the subsidence is well established in this report. 
I do not argue that such phenomena may not take place. In fact, I think it was 
rather well demonstrated in the famous Oglesby-Marquette case, but I do not think 
that the surveys above were made with sufficient precision from which to 


draw conclusions. 
H. I. Smirx.—Those parts of the surveys for which I was responsible did show 


a slight rise. 


1C. A. Herbert and J. J. Rutledge: Subsidence Due to Coal Mining in Illinois. 
U. 8. Bur. Mines Bull. 238 (1927). 
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E. T. Conner, Scranton, Pa.—I suggest that the members compare the subsidence 
effects given in this paper with those presented in February, 1928, by Harry Montz, 
mining engineer of the Lehigh Valley Coal Co., in his paper, ‘Subsidence from Anthra- 
cite Mining.’’? In this he cites an instance of pillar extraction and the effect upon the 
surface, the draw being in advance of the solid face, as represented here. 


G. S. Ricz.—If I interpreted Mr. Montz’ paper correctly, he did not find a draw 
in advance of the extraction. At least a profile as in Fig. 4 of his paper, shows the 
subsidence in the central block in what he terms the “main break” with vertical 
break lines. Then he shows a “‘subsequent break,” with the lines of draw extending 
over the solid on either side. The angle of the draw through the ‘“‘rock” is 15°. 
(from the vertical) and through the ‘‘wash”’ is 20°. 

As concerns the elevation of the surface in advance of subsidence I have thought 
that this was due to cantilever effects of large strong masses of rock. Personally 
I doubt whether it will occur where the overburden is made up of relatively soft 
shales as is the case in most places in the northern Illinois field, but at Oglesby there 
was a limestone horizon near the surface which, in my opinion, was responsible 
for the tilting upward of the surface in advance of subsidence. 


2 See page 101. 
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Bumps in No. 2 Mine, Springhill, Nova Scotia 


By Watrer Herp,* Guace Bay, Nova Scotia 


(New York Meeting, February, 1929) 


For the past eight years No. 2 mine of the Cumberland Railway & 
Coal Co., Springhill, Nova Scotia—a subsidiary of the Dominion Coal 
Co., Ltd.—has had an unenviable reputation for bumps. As the work- 
ings extended in certain directions under a greater cover, these bumps 
increased in severity and it became apparent that some change in the 
system of extraction was necessary if the mine was to continue to operate. 

In September, 1924, following several fatalities resulting from bumps, 
the Mines Department of Nova Scotia requested from the U. S. Bureau 
of Mines the services of George 8. Rice, Chief Mining Engineer of the 
Bureau, to report on the conditions then prevalent in No. 2 mine, 
Springhill. This request was promptly and courteously granted. Mr. 
Rice made a full investigation and a comprehensive and helpful report, 
which is embodied in the 1924 Annual Report of the Department of 
Public Works and Mines, Nova Scotia. 

Prior to 1925, the room and pillar method was employed and in 
January of that year (there being a cessation of work from March to 
August due to labor troubles) longwall retreating on the west side, on a 
limited scale, and in a small section on the east side of the mine was 
started. The major portion of the east side was not operated on this 
system till August, 1926, as there was developed a considerable area 
ready for pillar extraction between an arbitrary boundary and a point up 
to which bumps of any consequence had not been experienced. In 
the interval development work for longwall retreating below the 5900-ft. 
level was vigorously pushed. ‘This longwall retreating system was 
suggested by Mr. Rice as a possible remedy and was heartily endorsed 
by the company officials. 

This paper describes the conditions and hatchlings subsequent to 
Mr. Rice’s report and more especially the results with the longwall 
retreating system of mining under the peculiar circumstances pertaining 
to mining No. 2 Seam, Springhill, at depth, and records the conclusions 
which experience with several severe bumps under this mode of extraction 
would suggest. . Except where necessary to make the paper intelligible 
as an Suey. = ‘duplication of Mr. Rice’s report will be avoided. 


- * Chief Mining Engineer, British Empire Steel Corpn. 
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Location or MINE 


The Springhill coal field is situated in Cumberland County, Nova 


Scotia, and forms part of the Cumberland coal field of Carboniferous age, 


No.3 SEAM COAL 10'-0" 


TOP COAL 4°0" 


COAL 91-0" 


No.4 SEAM COAL 3'5" 


COAL 5'6" 


Fig. 1.—GENERAL SECTION 
SPRINGHILL Coat FIELD. 


BOTTOM COAL 4'-0' 


stretching from Joggins on the Bay of | 


Fundy, where the seams run under the 
sea, to the town of Springhill, where the 
coal measures are thrown up against 


pre-Carboniferous rocks, in alla distance — 


of 25 miles, and having an average width 
of 12 miles. On the eastern fringe of 
this coal field No. 2 mine of the Cum- 
berland Railway & Coal Co. is situated. 


Srams MINED 


In the vicinity of Springhill there are 
seven workable seams as shown on Fig. 1. 
These seams are numbered in the order 
in which they were discovered or opened 
up. With the exception of seams 4 and 
5, all have been mined but at the present 
time only seams 2, 6 and 7 are worked. 

Seam 1, originally 10 ft. thick, split 
into two seams to the dip and seam 3 
workings are flooded, on account of fire. 


No. 2 MINE 


No. 2 mine consists of three parallel 
slopes driven on seam 2 from the outcrop 
a distance of 7700 ft., the slopes being 
practically on the pitch of the seam. It 
was opened in 1873 and has produced 
coal steadily ever since. 


Seam 


The seam is bituminous coal, averages 
9 ft. in thickness, and is free from any 
dirt or stone partings. It is of medium 
hardness and has no well-defined 
cleavage but there are two lines of slips 
in the coal about at right angles to one 
another, which however are not con- 


tinuous in either direction and little difference is noted in the direction 
the coal is worked. There is a well-defined parting in the seam 14 in. 
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3 from the roof. This roof coal is slightly harder than the remainder of 


the seam. 


Inclination 


From the surface down to the 2400-ft. level, the pitch averages 30°. 
At this point the seam is folded vertically downwards for 100 ft., the 
direction of the fold following the strike. Thereafter the inclination 
gradually flattens to 20°, which is the pitch in the present workings 
between 2300 and 2800 ft. of cover. 


Nature of Strata 


The immediate roof of seam 2 consists of 9 to 16 ft. of strong arena- 
ceous shale and the floor for 9 to 20 ft. is a strong shale of similar character 
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Fic. 2.—SEcTION ALONG LINE OF BOREHOLES 1, 2, 3 AND 4 (sun Fia, 3). 


but weaker than the roof. A feature of the coal field-is the introduction 
and disappearance of sandstone bands of considerable thickness within 
very short distances, often a few hundred feet. This had been noted 
on the shore cliff 20 miles away but only recently after persistent drilling 
was a similar condition found to exist and to be a factor in mining seam 2. 
This is illustrated in Fig. 2, which is a section on a line of boreholes on ~ 
the strike of the seam, indicated on the mine plan (Fig. 3). Coming 
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from west to east the overlying sandstone thins from 73 ft. at borehole 4 
to 47 ft. at borehole 2, in a distance of 3300 ft., and between boreholes — 
2 and 1, in 3000 ft., there is a further thinning to 20 ft. At borehole 1 the “4 
underlying sandstone is replaced by shale. It is believed the shale roof | 
has considerable elasticity but to what degree has not been determined. 


» Faults 


The field is remarkably free from faults; the few which have been 
encountered are of little size, a 14-ft. displacement being the maximum. 
They all run in a true east and west direction (in the line of the dip) as 
opposed to the fold at the 2400-ft. level, which is on the line of strike. 
There does not appear to be any undue initial stress in the strata due to 
faults or folding; the extracted area where bumps have been most severe 
is a considerable distance away from anticlines, which mark the workable 
terminations of the seam, as so far proved, in a level course direction. 
It is admitted there is a greater unrelieved stress in the rocks in a syn- 
cline but in this case the synclinal depression is of several miles extent. 
The change in dip from 30° to 20° is very gradual and drill holes into the 
upper strata put down from the surface in line with and in advance of 
the main slope indicate that the dip remains practically constant for 
another two miles ahead of the lowest workings. In the region where 
the strata were folded vertically at the 2400-ft. level in the direction of 
the strike, and in the district where a few faults have been encountered, 
bumps were not experienced. 


Occurrence of Firedamp 


Seam 2 gives off gas gradually in the normal course of working but 
would not be termed a highly gaseous seam. It is not liable to sudden 
outbursts of gas but because it is dry and dusty shotfiring has been 
prohibited for many years. 


DEFINITION OF A BuMP 


Briefly a bump may be described as the sudden bursting, accompanied 
by a loud report, of the coal or the strata immediately in contact with it, 
in contradistinction to the gradual weighting usually accompanying 
mining at depth. A bump may occur at the coal face, on the roadways 
leading thereto—particularly if they are in solid coal—or in the waste. 
The term implies similar phenomena to those described under the heads, 
‘“crumps,” “quakes,” “air blasts,” “pressure bursts,” “rock bursts,” 
or ‘‘rock thrusts.’ 


DESCRIPTION OF Bumps In No. 2 MINE 
The first appearance of bumps of any severity in No. 2 mine was 


between the 4000 and 4700-ft. levels at about 1900 ft. of cover, when the 
system of work was room and pillar (Fig.3). Three rooms at a time were 
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_ driven on either side of an incline for 300 ft., on one side to the waste of 
_the inside incline. The pillars measured 35 ft. on the dip and rise and 


80 ft. on the strike and rooms and heads were driven 10 ft. wide, but 
spalling usually increased the width to 14 or 15 ft. at the top. As soon 
as the top room had reached waste on one side and its predetermined 
distance on the other, the pillar was drawn and when extraction had 
continued to the incline another room was started lower down. 

To begin with, bumps occurred in driving rooms toward waste, usually 
when they were parallel to and comparatively near excavated areas to 
the rise as at the points A in Fig.4. These bumps would occur when the 
room was anywhere from 300 ft. distant until it was almost through on 
the waste. When waste was reached and during pillar extraction, a 
bump never occurred. These bumps caused coal to be suddenly thrown 
from the low or high side rib, at or very near the working face. The 
low side bumps, having greater intensity due to the extra resistance 
encountered, usually threw the track to the high side, but there was no 
evidence of a break in the floor. It was found at this time in driving a 
room (level course) parallel to waste to the rise that in many cases the 
bumps could be transferred from the low to the high side or vice versa 
by increasing or diminishing the pillar thickness between room and waste. 

In driving inclines from a lower to a higher level, to the immediate 
rise of which the seam had been totally extracted, and in solid coal 500 
ft. thick on the dip and rise and often of greater extent in a level course 
direction, bumps of a similar nature would occur until the remainder was 
driven through. As the waste in a bumpy district extended, the liability 
of bumps to occur further from the excavated area increased. 

Some time after this type of bump made its appearance and a con- 
siderable area of pillars in affected districts had been extracted, waste 
bumps occurred. These caused practically no damage in the mine and 
were often unnoticed underground, but caused apprehension on the 
surface due to earth tremors, shaking buildings a couple of miles from 
the supposed point of origin and half a mile beyond the outcrop of the 
seam, showing true earthquake phenomena. 

Subsequently, a third type, locally called a ‘district bump,” appeared 
at 2050 ft. of cover, affecting roadways driven in solid coal, to the dip 
of totally extracted areas, and extending over a few acres, often closing 
portions of rooms with coal driven from the low or high side rib and 
damaging inclines and main levels some considerable distance from the 
edge of the waste, but rarely affecting the working faces. 


District Bump of December, 1924 


The largest district bump under the room and pillar system occurred 


- Dec. 6, 1924, in the 5400-ft. east level district at a depth of 2200 ft. It 


caused a distinct and alarming movement in the town two miles distant 


,. 
2 
z 
4 


a Re 


WALTER HERD 163 


_ and instantly closed several hundred feet of levels and inclines. A 
_ number of men were imprisoned for several hours and one fatality 


resulted. For the first time the floor was definitely noted to be broken. 
Referring again to Fig. 4, which shows the position of the workings 
at the time of this district bump, the level was completely closed from 
inclines 3 to 4, the rails being thrown up against the roof and held there 
by coal and phoken pavement. Incline 3 was closed with coal up to the 


- counter level and from the counter level to room 7 heavy falls of stone 


completely blocked the roadway. The counter level between inclines 
2 and 3 was nearly closed with coal thrown off the high side. The top 
return from inclines 3 to 4, CD on Fig. 4, was completely closed, the 
bottom having been heaved up. Incline 4 was partly closed from the 
level up to the counter level as the pavement and roof met in the center 
of the roadway. ‘The pavement broke along the center of the incline and 
the booms were broken in the center meeting the sleepers. One could 
crawl up along either rib. The remainder of incline 4 was very badly 
wrecked. The counter level between inclines 3 and 4 was completely 
closed but this roadway was almost closed before the bump, by coal 
spalling off the high side rib. This bump occurred at 11:40 a.m. and at 
3:30 p. m. a second bump brought about a fall outside of incline 5, EF 
on the plan. On Dec. 2, a bump had occurred at the face of a room on 
incline 4, but prior to this the only bump of any severity in this district 
was in October, also at the face of a room in incline 4. 

Following this district bump the driving of all rooms in the vicinity 
of waste in areas prone to bump was stopped and preparations made to 
establish extraction by longwall retreating. 

The abandoning of the pillars between the waste and main level, 
which were to some extent shattered by this bump, was at the time 
deemed prudent, but subsequent experience has proved that a major 
or district bump never reoccurs in an area which has been previously 
shaken by a bump and instead of being dangerous, as at one time was 
thought, the extraction of these pillars would have been a safer operation 
than similar work in firmer ground. 

That district bumps did not occur at lesser depths than 2050 ft. is 
explained by recent up-drilling to tap the flooded waste in seam 3, 
revealing the disappearance of the massive overlying sandstone bed to 
the rise of the 4000-ft. level. 

In addition to waste bumps, which occurred some 10 times a year on 
the average and unfortunately were not recorded as they occasioned no 
damage in the mine, bumps of the nature first described continued with 
lessening severity in the vicinity of districts which had been stopped after 
the 1924 district bump. They seemed to hit haphazard and were mostly 
from the high side, throwing from a few tons to 20 tons of coal from the 
upper rib, but occasionally one would occur on the low side. The general 
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trend was outwards but at times one would occur nearer the waste th an 
a previous one. This outward trend of bumps when mining had ceased i 
was observed by the officials traveling the mine during a strike from 
March to August, 1925. As they appeared at the time of minor impor- 
tance, they were not recorded, but it would at least have been of academic 
interest to know the distance bridged in a given time. They would — A 
appear to be caused by the sudden transference of pressure due to the 
falling of strata far above the immediate roof in worked-out areas. =. 


Longwall Retreating 


In January, 1925, a start was made to extract the counter level pillar 
some 90 ft. thick on the 5900-ft. west section by a straight face parallel ‘ 
to the dip (Fig. 3). This continued for 250 ft. outbye until firmer ground 
to the rise was reached. (As previously stated in connection with the 
5400-ft. east district bump of December, 1924, there was no need to 
apprehend trouble in extracting the heavily bumped pillars to the rise.) 
Subsequently two longwall retreating faces 160 and 250 ft. long, 
respectively, were established. The seam being easy to mine at this 
depth, handpicks were used in conjunction with shakerface conveyors 
on a straight face, which experience has proved the best. Similar 
operations were started on the 5400-ft. level east and west in September, 
1925. Ata later date, August, 1926, the room and pillar workings on the 
5900-ft. level east having reached incline 8, outside of which the harder 
floor conditions were indicative of bumpy ground, two longwall faces 
each approximately 220 ft. long were opened out. 

The main levels as blocked out for the room and pillar system were 
about 600 ft. apart, but under the longwall system it was found better to 
give each face its own haulage on the main and tail system to the main 
slope, thus necessitating the driving of halfway levels. 

The usual difficulties were experienced in establishing these faces with 
men unaccustomed to this class of work, more especially the drawing of 
chocks, and before the best system of face support and waste packing with 
the limited quantity of stone available was found considerable experi- 
menting was necessary. The seam in sections was fully 10 ft. thick and 
in these trying circumstances the miners made every effort to make a suc- 
cess of this departure from the system they had long been accustomed to. 

On the extended faces roof breaks often reaching over the coal 
occurred about every 40 to 60 ft. of advance and these occasionally 
closed the face. It was not until nearly 200 ft. of waste had been formed 
that bumps again appeared in much the same form as heretofore, showing 
sometimes in roadways previously driven in solid coal and occasionally 
on the wall faces. A few of these latter had the typical characteristics 
of a low side bump in a roadway driven in solid coal—conyeyor pans and 
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-_chocks were thrown from the face towards the waste, the chocks usually 
_. being found intact in their new position. 

An exception to the above was a bump on the wall face of the 5400- 
ft. east section with only 30 or 40 ft. of waste formed. This, however, 
cannot be taken as typical because the ground in the immediate vicinity 
had been affected by a district bump and the excavation in firmer 
ground probably caused a further sudden readjustment of strata over a 
considerable area. 


Inbreak of Water on West Side of Mine 


aa In November, 1926, an inbreak of water occurred in the waste of the 
5900-ft. west longwall section. There is little doubt that this water came 
through a break in the overhead strata connecting to the flooded waste of 
seam 3, some 400 ft. above. The inflow was 130 gal. per min. which 
has remained constant ever since. Seam 2 had been totally extracted 
on the room and pillar system under this flooded waste for 10 years pre- 
viously without mishap, but the thickening of the overlying sandstone 
beds to the dip and leaving in a row of large crushed pillars between the 
5900-ft. west longwall and the upper waste on the 5400-ft. west level 
(Fig. 3) may have been a contributing cause, together with a heavy waste 
bump felt in the town a few hours prior to the inbreak. 

Considering the violent movements periodically taking place in No. 
2 mine, it was considered inadvisable to risk a possible increase in the 
flow by further mining and in addition to all the west side workings the 
5400-ft. east longwall was stopped a short distance before its allotted 
boundary, until seam 3, holding some 200,000,000 gal., is dewatered, 
for which preparation is taking place at the present time by upward 
drilling from seam 2, the borehole connecting to the lodgment of main 
pumping station in No. 2 mine. 


Face Supports 


To make the working conditions at the coal face more secure the 
waste packs were gradually strengthened and better built. After various 
trials the size and spacing of stone packs and face chocks as illustrated 
in Fig. 5 have proved fairly satisfactory and since its establishment over 
a year ago, face bumps have not reoccurred to date. Hven the strength- 
ened packs may seem very slight when the height of seam and depth of 
cover is considered, but it must be remembered that. the immediate roof 
is of exceptional character. The roof grinds on these packs, making 
good building stone, and rarely breaks down across the walls closer than 
10 to 12 ft. from the face, provided the packs are kept well forward. To 
stow the waste completely would be economically impracticable. Heavy 
timbers under steel straps were tried in place of hardwood chocks but 


proved more costly. 
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» The wall ae are worked double shift and make an advance of 24 
B “ft. per shift or 5 ft. per day, chock drawing and pan moving occupying 
_ the third shift. 

7 The longwall workings on the west side of the mine are not of sufficient 
. extent to prove very much other than that bumps of limited extent 
could occur on the wall faces under certain conditions of poor waste pack 
p building, but prior to stopping there was dawning the fact that the 
_ haulage roads outside the retreating wall faces and for some 30 to 60 ft. 

distant therefrom were liable to either high or low side bumps at intervals 

varying from 30 to 60 ft. of face advance, but these did not synchronize 
~ with the face weightings which occurred at almost similar intervals. 
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Fic. 6.—Bumps or Aprit 12, 1928. 
Arrows point in direction of manifestation of bump forces; brackets indicate areas 
affected. 


For a year after the west side was stopped the east side workings on 5700 
and 5900-ft. levels were in an area less liable to heavy bumps, but for the 
past year the conditions being similar to the west side the same tendencies 
have been observed, beginning by levels being affected 30 ft. from the wall 
faces and as these advanced the succeeding bumps striking further ahead 
than their predecessors. These bumps were of the first-mentioned type, 
similar to those experienced in driving rooms towards waste. 


April, 1928, District Bump 


On April 12 of this year, a district bump occurred on the 5700-ft. east 
level at 2500 ft. of cover, the exhibition of greatest force centering some 
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faces at this time in relation tos 


: panes said Seine its most eee lexiaree de 

: direction of the cavity in the low side pillar, begetanael a point 
F from the face at time of bump and extending laterally for 90 ft. 
maximum it measured 9 ft. across with a depth‘of 18 in. ‘Its le 


: SKELETON WOOD PACKS 
< BULL WHEEL 


ROADWAY INTACT 


Fie. 7.—PLAN SHOWING EFFECTS 
~ 


is 35 ft. from the low side of the 5700-ft. level, in a pillar about 400 by 
100 ft. in area. It will be noted that this cavity is not continuous but in 
three sections, denoting a wave effect, and the long axis is at right angles 
to the wall face. This might be explained by the possibility of an over- 
throw of weight from the worked-out sections above causing a line of 
preinduced weakness in this direction or simply that as the pillar was 
thinner and consequently weaker on the dip and rise it was easier for the 
blow to split it in the line of strike, and the relative hardness of the 
roof at any given point is a factor which cannot be ignored. 

Tig. 8 is a section across the 5700-ft. level taken immediately after the 
bump and across the cavity and crushed zone some four months afterwards 
when it was uncovered as the face advanced. When mining across this 
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cavity it was observed that the roof and top 14 in. of coal were intact and 


not different from other sections of the face but that the coal below it and 


on either side of its center line for 7 or 8 ft. was crushed in lines as shown 


in Fig. 8, and perceptibly warm; further, that the floor had broken on 
the center line of this hole and pieces of floor stone had been injected 
upward into the crushed coal 2 ft. above the pavement, clearly demon- 
strating that the reaction took place through the floor, the cavity being 
formed when the floor subsided. The roof movement must have been 
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of very small extent, as props thrown out in level were not broken but 
hurled to the high side and in an inbye and outbye direction on the 
center line of the short axis of the central cavity. The floor in the center 
of the level was broken opposite and for a distance equal to the length 
of the cavity. That the cavity did not extend to incline 3 may be 
explained by the fact that the ground in that vicinity offered no resist- 
ance as it had been shaken by previous bumps. 

It will be observed that the pillar between the cavity and high side 
rib had been pushed up in a solid body, the coal probably moving with the 
floor and sliding on a good parting in the seam 14 in. from the roof. In 
recovering the level the extruded portion of the pillar had to be sheared off 
and was found as firm as mining ina room. A heavy air blast accom- 
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panied the bump and would be looked for with the sudden protrusion of 
_ 500 tons of coal into the roadways. A considerable volume of gas given 


off could not have been even a contributing cause as it was no more than 
would be expected from the instantaneous mining of this quantity of 
coal. Fortunately the bump occurred between shifts, but the wall faces 
were unaffected, not a stick of timber being out of place. 


July, 1928, District Bump 


On resumption of work after the April bump the district was quiet 
during a face advance of 200 ft., when on July 3, a second district bump 
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Fic. 9.—Bump oF Jury 3, 1928. 
Arrows point in direction of manifestations of bump forces; brackets indicate areas 
affected. — 


on the 5700-ft. level occurred with the same characteristics as the previ- 
ous one—coal pushed up in a body, floor broken and track thrown in a 
similar manner—only the maximum exhibition of force had extended to 
380 ft. outside the wall faces. Fig. 9 shows the position of the face at 
time of bump in relation to surrounding workings and previous bumps 
recorded in the vicinity. Fig. 10, on a larger scale, shows the damage to 
the 5700-ft. level. Unfortunately in this case the trip riders were caught, 
one fatally injured and the other shocked and gassed. The air blast 
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accompanying this bump was sharper than previous ones, deranging the 
ventilation by damaging doors and wooden stoppings. Officials’ flame 
safety lamps on the wall faces were extinguished and caps blown off 
but there was no strata movement at the face, which stood intact. The 
levels were recently stone-dusted and this dust went up the main slope 
in what was described as a white cloud. Considerable gas was given off 
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and it was difficult to see more than a yard ahead in the roadways for 
some time afterwards on account of coal dust in the air. Like the pre- 
vious district bump, it was felt distinctly on the surface. 


Widening Levels 


Experience with these two district bumps indicated that work at the 
wall faces was comparatively safe, the most dangerous zone being on the 


Pp 2 : 
~ main levels within 


of coal from low side p ! and t 3 
of the roadway. To combat this 


off the low side rib and build substantial stone- ya 
track, leaving a clear space of 8 ft. between new low rib an 
pack into which the coal could extrude and thus give a cha 
to anyone on the level, as shown in Fig. 11; this ribbing to extend 
the face 800 ft. outbye. The possibility of bringing on other troubles by _ 
this widening was considered but the excellent roof condition suggested _ A 
a trial. a 


October, 1928, District Bump : =. 


On Oct. 12, the wall faces having advanced 240 ft. since July, a third © 
district bump occurred on the 5700-ft. level, with all the distinctive 
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features of the previous two. In the interim one minor bump had 
occurred on the 5700-ft. level six days after the July district bump 
before the roadway was cleared and work recommenced, and three low 
side bumps of the first-mentioned order took place near incline 1 on the 
5900-ft. level on July 24, Sept. 26, and Oct. 9, respectively. It may be 
noted that these three bumps and the district October bump all occurred 
in an area practically in line with the wall faces on the 5400-ft. east 
level which had been stopped in January, 1927 (Fig. 3). 
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A feature of the October district bump was the still greater distance 
from the wall faces at which the main exhibition of force appeared, in 
this case about 900 ft. The first sign of disturbance was the knocking 
down of props 150 ft. from the faces followed by damage of various kinds 
on the level for 1200 ft. further out. Coal was shaken off the high side 
of the 6300 and 6500-ft. levels and in all an area 1200 by 800 ft. was 
affected. It was noticed that short portions of the 5900-ft. level where 
the floor had shown a tendency to heawe were unaffected by this bump. 

Fig. 12 shows the position of the wall faces and records the condition 
of the roadways immediately afterwards. It will be noted that the low 
side ribbing previously referred to had been completed on the 5700-ft. 
level for a distance of 750 ft. and on the 5900-ft. level for 300 ft. at face 
and 120 ft. some distance further out. While this widening of the low 
side was the means of preventing fatalities or serious accident to men in 
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the area, it had not been extended sufficiently far to include the section 
of the roadway into which a portion of the low side pillar had been 
extruded, but as quantities of coal and roof stone for the first time fell 
from the high side on a large scale, it was further demonstrated that 
a similar widening on the rise side was desirable in future layouts 
with larger pillars, the traveling or haulage way running between 
two rows of stone-filled packs, with a space between each rib and side 
of pack. 
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CLASSIFICATION OF Bumps AND ACCIDENTS, 1924-1928 


Appendix 1 is a list of 117 bumps, recorded between Oct. 8, 1924, 
and Oct. 17, 1928. These bumps are successively numbered in ; 
order of occurrence and each has a corresponding number on Fig. = * : 
showing its location, the arrow indicating the direction of force. Several : 
dates are on the plan to give an idea of the relative position of the bump __ 
location to the working faces during the 4-year period under review. 

Table 1 shows by years the number and type of bumps, and accidents 
due to this cause. 


TaBLE 1.—Classification of Baas at No. 2 Saale Springhill, N. S. 


8 
Date Months 5 3 F 3 5 & 2 7 
bg) eal 2 eelegae settee i 
aS | 8 eee eee ’ 
October, 1924, to Decem- 
ber: L O24: Soa tenn ete tees ee 3 SH 10 Lo LES BP Oa 9 2 1 Jae 
LOZ Face ake cease i, 12)" Tt Lo 2415 15. '9 6 
5 months’ 
strike 
L926:n eens. eck 12 26 | 7/6 | B87) Loale22S. lel be enes 
LO Qi eR irthorcce chebhelck aoe eee 12 16 7 | 23) 21 2 1 1 
January, 1928, to October, 
1928) ihe sielaparere serene | 10 | 10; 9 i LOPAS 1 9 | 10 
‘Total’. coh.ccne eee 44 71:|-33 | 134 117; 75.) 42°) * 45)" 323436 


* West side stopped November, 1926. 


The immunity from accidents in 1927 can be attributed to the west 
side and 5400-ft. east side workings being stopped, the east 5700 and 
5900-ft. longwall at this period not having proceeded sufficiently far west 
to reach the district overlain and underlain by massive sandstone. During 
this year every bump came from the high side, indicating a readjustment 
of upper strata in areas previously mined in bumpy ground. 
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The bump accidents recorded occurred under the circumstances 


- shown in Table 2. 


Tape 2.—Accidents Caused by Bumps at No. 2 Mine 


Fatalities Injuries Tota 

Driving rooms or inclines.................. Pe 12 14 
WBN WALl SHCESecrs ween to ee ee eee 1 7 8 
In transit or working on main haulage levels. 1 13 14 
ANSINS Scns ae OTe ae SO eee pitted 32 36 


The four fatalities occurred in four separate bumps and 32 men were 
injured in 18 bumps, the fatalities and injuries combined in 19 bumps. 
Although each bump was a potential accident, the actual ratio over 4 - 
years was 6 to 1. Since July, 1926, no accidents from bumps have 
occurred on the longwall faces. ; 


CaAusE oF Bumps 


These sudden burstings have occurred in several coal fields and are, 
under certain conditions, akin to the rock bursts in deep metal mining, 
which are ascribed to the release of internal strain in the rock masses 
caused by past compression or bending, or, in the case of the larger move- 
ments, to the overweighting of pillars on the edge of excavated areas 
causing a sudden collapse of the pillar or roadway bordering it. Bumps 
in coal mines may arise from several causes, of which released tectonic 
stress following extraction could be one and this would appear to be the 
only case in which depth would not be a material factor. Other causes, 
such as strata folding, intrusion of igneous rocks, high inclination, slip- 
page on, or excessive local weight due to faults, pent-up gases, or mining 
under mountainous country causing unequal rock strain are conditions 
which do not apply at Springhill. The seam is regular, practically free 
from faults, is mined under level ground, and no gas outbursts have taken 
place. Possibly past methods of mining may be a contributory cause, 
but this is very doubtful. In driving development levels such as the 
7400-ft. in the deepest portion of the mine and far removed from waste 
there is no tendency for pieces of coal to fly from the face and apparently 
the coal is normally strong enough to withstand the superincumbent 
burden and ‘“‘works’’ freely. 

The writer believes the bumps in seam 2 are the result of mining 
under and above a particular strata condition at considerable depth— 
that is, a very strong and tough immediate shale roof_and relatively 
slightly weaker shale floor, which are respectively underlain and overlain 


. SC 
by massive sandstone beds as shown in Fig. 2—and iba ae ne 
sion is only of minor importance. Under these conditions bumps 
frequently occurred with the room and pillar system of mining where the © 
pillars have been extracted and under the longwall retreating method, © 
where the waste has been supported on substantial pack walls placed at 


regular intervals. That this contention is correct seems substantiated 
by the fact that under like conditions of depth and mining systems, past sy 


and present, bumps do not occur where overhead drilling has shown the 


discontinuance of the sandstone bed or where the floor is weak enough to ‘s 


heave in the roadways. It may be coincidence but the overhead sand- 
stone disappearance is generally accompanied by a weaker floor. 

At depth under the strong roof and floor conditions previously 
described the writer is of the opinion that inclination of strata is not a 
material cause, but that for a given depth it intensifies the shock due to 
added local weight. Bumps of a similar nature would occur if the seam 
were flat. 

The district or major bumps which have been described and illustrated 
and the bumps of lesser intensity which occurred in advance of longwall 
faces before any great area was extracted or when just entering a region 
overlain by massive sandstone are in the writer’s opinion caused by a 
sudden reversal of strain (depth always being a factor) in the strata 
overlying and ahead of the coal face. Asa wallface advances the immedi- 
ate roof falls fairly well, observed falls of 8 ft or 10 ft. above the packs 
being regular and probably to the base of the overlying sandstone. This 
sandstone, being very strong and compact, has not the ability to fall or 
shear until a very considerable area has been excavated, during which 
time it is hanging back in the waste supported on a fulerum at the coal 
face, resulting in an upward stress in this band and those above, reach- 
ing far over the solid coal. When this band finally breaks somewhere 
back in the waste, or possibly only slips very slightly on a fracture, the 
cantilever effect ceases, the rocks in upward strain over the coal are 
subject to a sudden reversal of stress and the coal ahead of the face is 
struck a sudden and hammerlike blow. This blow, due to the weight of 
overhead strata at considerable depth, exercises great force and although 
it may lower the roof only a fraction of an inch, the impact is such as to 
burst the solid coal into the roadways, break the floor, split pillars, and 
occasionally, owing to the jar, bring down roof stone. This force would 
appear to center at one point from which wave motions are sent out in all 
directions, these ceasing when no further resistance is encountered. 
Although the roof at the working face does not break there is generally 
evidence of extra pressure and a grinding action caused by the chang- 
ing of the fulcrum point as the face advances. This shows as slight 
roof cracks, 4 or 5 ft. back from and parallel to the’ face, from which 
falls a small steady stream of rock dust as fine as flour. 
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_ Referring to the July and October district bumps under the conditions 
described, it would appear that the overlying sandstone breaks off in the 
waste after an advance of some 200 ft., about a three-month interval. 
That the advance was some 40 ft. greater in the October bump may be 
accounted for by increase in thickness of the sandstone in the direction 
of advance. This may also explain the greater distance ahead that the 
main exhibition of force was manifested in each successive major bump 
or that may be caused by the breaking of strata higher up. It seems, 
however, more reasonable to assume the blow was struck ahead in each 
case a distance proportional to the length of overhang prior to fracture, 
and if the ground at this point had already been loosened by a previous 
bump, the shock was transmitted to firmer ground where it found resist- 
ance. This may explain damage up to 1350 ft. ahead of the wall faces in 
the October district bump. In the case of a face being stopped a bump 
is liable to occur if and when the overlying strata break in the waste, as 
witness bump 260 on the 5900-ft. west level (Fig. 3). This bump occurred 
nine months after mining ceased on this side and struck a typical distance 
ahead of the wall faces. 

It will be noted that the three district bumps of April, July and 
October exhibited their greatest force in the same straight line and rela- 
tively the same distance from the waste to the rise; possibly due to the 
right-angle line of waste forming a double overthrown arch. When the 
reversal of strain takes place there may be a definite point at the inter- 
secting of the arches which is subject to the greatest reaction. It -is 
believed the district bump of December, 1924, was caused by identical 
reversals of strain, to some extent intensified by the line of waste being 
almost parallel to the strike, making it harder for the overhead sandstone 
to break off in the waste because it was buttressed below. Here the 
waste contained no supporting pack walls. Generally it can be said that 
the introduction of waste packs will retard to some extent the breaking of 
the overhanging strata but without them, or with packs of insufficient 
strength, breaks at the face and frequent falls would result and also 
experience has shown that the working face is liable to bump. 

It is quite possible that the bumps experienced in driving rooms almost 
skirting waste are caused by a gradual overloading of the intervening or 
adjacent pillar, this gradual overloading causing bending stresses in the 
roof strata to a point beyond which a sudden redistribution of forces takes 
place, this in turn causing a movement sufficient to produce a bump. 
On the other hand, many bumps in rooms in proximity to waste may be 
explained by the falling of the upper strata in the waste producing a 
reversal of stress over the coal in a similar manner but to a lesser degree 
than in a district bump—the driving of the room in such an area being 
coincident with the waste fracture. A waste bump which does no dam- 
age in the mine is probably-the result of the breaking of hard rocks in 
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the upper strata, some considerable distance back in the we 
small forward slippage of a portion of strata such as might occur w 
long arch span broke. Some waste bumps may cause visible bun y 
especially those from the high side some distance from totally extract 
areas. arg 
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Subsidence 


Bench marks down to hard rock were established over the workings e 
‘and worked-out areas 4 years ago and levels taken every 6 months. 
Although during this period some 40 waste bumps, which caused no 
damage underground, were felt in the town situated beyond the seam = 
outcrop, in addition to the recorded bumps, the bench marks have not 
been lowered a fraction of aninch. This is suggestive of very long arch 


aa 
a 
¢ 


spans in the upper rocks which are of strong hard texture. a 4 
OBSERVED CHARACTERISTICS OF Bumps AT SPRINGHILL <a ‘J 
1. All bumps occur suddenly, make a loud report, and are without F 


warning, except in rooms driving in the near vicinity of waste; the miners 
say that just prior to a bump the place becomes quiet. This knowledge 
has saved several accidents, the men retiring outbye at once. This 
applied more particularly to low side bumps. It is indicative of a change 
in stress as the normal weighting is taken care of when the coal is heard 
to “work.” 

2. A low side bump is of much greater intensity than one in which 
the force is from the high side. In the former case the coal offers greater 
resistance to the blow of strata readjustments which reacts through the 
floor and throws anything resting thereon to the high side. Timbers are 
rarely broken and seem to have been sprung out. Victims of low side 
bumps show typical shock symptoms. 

3. The roof is seldom broken by a low side bump unless it is of major 
extent or in the case of a district bump in which a pillar is split. 

4. A high side bump generally only throws coal from that rib and 
often breaks the timbers, there being no observed floor movement. A 
heavy high side bump will usually bring down roof and occurs some 
distance back from the face. 

5. An air blast accompanies all district or major bumps, sometimes 
deranging the ventilation, and to a lesser degree air blasts occasionally 
occur with the minor low side bumps. 

6. Gas may or may not accompany a minor bump but a considerable 
volume of gas is given off with a waste bump and with a district bump, 
which suddenly dislodges several hundred tons of coal. A few men have 
been gassed but probably only one fatality occurred through this cause 
and that happened when driving an incline in solid coal. The breaking 
of compressed air mains is a factor in diluting gas. 
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7. Severe bumps only occur in the vicinity of totally extracted areas. 

8. A bump: never reoccurs on a section of roadway which has pre- 
viously been disturbed by a district or a low side bump, but occasionally 
a high side bump happens several times at the same point and a section 
of roadway in a district bump area is free from disturbance from the low 
side if the pavement has shown signs of heaving. 

9. A major or waste bump is felt distinctly on the surface 2 or 3 miles 
from its point of origin. 

10. After a district bump, it takes about 24 hr. for the affected area 
to quiet down. During this period the upper roof works heavily although 
a fall rarely occurs and much noise is heard in the upper strata, likened 
to the tearing of rocks apart. At the same time the pavement is subject 
to a series of oscillations, very distinctly felt when sitting on a prop on 


‘the floor, the feeling being as if one were jerked upwards. This would 


denote a series of strata adjustments similar but of lesser degree than 
the original bump, each one of which might cause a bump in firm strata; 
as, however, the ground has already been shaken and to some extent 
opened up, there is no resistance encountered by the waves from suc- 
cessive adjustments, consequently the movement is just discernable. 


SuGGEsTions to MiricgatE THE EFrects oF Bumps 


As indicated, bumps may be of several types and result from different 
causes. With present knowledge it would be unwise to generalize and 
each case must be considered on the conditions and circumstances 
recorded. What may tend to a mitigation in one instance may be futile 
in another, and the economic factor is always present. Experience with 
bumps for a considerable number of years leads the writer to the opinion 
that under certain conditions of overlying and underlying strata no 
known. method of mining will eliminate them and allow of. coal pro- 
duction on a commercial -basis, but it is often possible to establish 
conditions which may nullify or at least mitigate their effects. The 
following suggestions are based on the assumption that the theory 
advanced for their cause is correct. 

1. If an upper seam exists within a reasonable distance of a lower 
seam which has roof and floor conditions likely to cause bumps, remove 
the upper seam first by the longwall method if it is economically feasible 
to do so, care being taken to leave no unworked portions in the upper 
seam. This will introduce a buffer to absorb the subsidence of the upper 
strata and cushion the effect of weight over a strong band of strata. 
Experience on the Rand is to the effect that “bursts do not occur in the 
workings of one reef if another above or below has been removed except 
where the parting is exceptionally thick.’”! 


1 Report of the Witwatersrand Rock Burst Committee, 1925. 


2. Under similar conditions it cas appear less advisah 
an underlying seam because of the possibility of forming irre; 
spaces between either the overlying coal seam and sandstone beds 
the strata immediately in contact with the seam and such beds. Irregula 
subsidence might here be a factor which would cause greater movement — 
in the strong strata overlying the upper seam when it came to be mined. | 
It is, however, under certain conditions a suggested remedy worthy : 
of consideration. 
3. In the event of neither of the foregoing suggestions being feasible — 
or accomplishing the desired result, the necessity for mining advancing 
longwall or retreating longwall has a bearing on the type of remedy to 
adopt. Assuming the former is adopted the resilience of the waste and 
the roadways constructed therein would be such as to practically preclude 
the possibility of bumps in that zone destroying roadways Oh the- 


other hand, a sudden reversal of strain in the immediate strata over the ; 
solid coal some distance ahead of the working face might result in the 
force extending to the face throwing off coal and causing floor upheaval, hg 
as previously described and illustrated in a roadway in solid coal, but i 


possibly with more disastrous results. 

It is stated in one instance where serious face bumps have occurred 
with advancing longwall that generally these happened when the face 
was parallel to the dip and the suggestion was made to keep faces parallel 
to the strike and advance uphill as the roof should fracture more readily 
and result in less weight thrown forward.” This system must presuppose 
considerable dip development to make the lifts as long as possible but e 
even under the best conditions a point is reached before going through on 
waste to the rise where an intervening slice of coal will introduce grave 
difficulties. It might be advisable to abandon this coal but should such a 
course lead to other troubles it is suggested it should only be mined by 
shooting, at which time a minimum number of men would be in the 
district. If a sandstone band immediately overlies the seam, waste. 
fracture would be helped by shooting the roof periodically. Possibly 
under certain conditions it might be advisable to shoot both roof and coal 
as the normal method of mining. Tight waste packing is essential to 
cushion the waste falls and make possible roof control at the working face. 

4. On the supposition that longwall retreating is the only economi- 
cally feasible mode of work—as with the No. 2 seam, Springhill— 
because of the thickness of seam and lack of stowing material, the writer 
does not believe it practical to retreat uphill with faces parallel to the 
strike, owing to the difficulty of residual pillars at the top end, a condition 
which should be avoided at all cost, and retreating downhill would throw 
extra weight on the roadways. From the point of view of extraction, 


* Report issued in 1927 by British Mines Department on upheaval of floor at the 
Pendleton Colliery, Lancashire. 
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safety and transport, the system now in use with faces about 230 ft. long, 


parallel to the dip, appears the most suitable and it has been practically 


demonstrated that with substantial waste packwalls and open roadways 
ahead of the faces face bumps do not occur and the working face is a 
comparatively safe zone. 

To counteract the effects of bumps in main roadways leading from 
face, it is suggested in the first instance to widen the levels and introduce 
stone-filled packs both on low and high side of roadway as previously 
described. Should this prove ineffective it is then suggested to loosen 
the low side rib by blasting. Holes, say 20 ft. long, would be drilled 15 
ft. apart in the center of the seam and fired with heavy charges, the rib 
to be thus loosened for at least 1000 ft. from the wall faces. It is possible 
this blasting may induce bumps but the shotfirers would be stationed at 
a place of safety. It is the writer’s opinion that it is possible to have 
the pillars too strong ahead of a retreating wall face, a condition that 
would bring about face bumps. To avoid this shooting the low side 
rib may be necessary. 

Probably the best solution and one which would make for compara- 
tive safety in mining a seam liable to bumps by the longwall retreating 
system, provided the seam is of sufficient value, is to drive the main 
roadways in the strata under the seam, leaving about 20 ft. between the 
floor of seam and roof of main road, immediately over which and for 20 
ft. on either side of the center line of main road the overlying seam would 
be extracted and two rows of stone-filled packs placed therein, a method 
adopted in some deep metal mines. The effect of bumps would then 
present no transportation difficulty as the coal from wall faces could be 
taken out a distance by belt conveyor to a chute connecting to main 
road in understrata. 

5. The writer would stress the advisability of lodgments and pump 
rooms being constructed in the strata under the seam and extracting the 
coal immediately overhead and some little distance beyond the sides of 
the roadway below, placing stone-filled packs in the seam excavation. 
The need for this was demonstrated when the October district bump 
opened up the ground disquietingly near the lodgment. 


Hydraulic Stowing 


Sand flushing in certain circumstances might be a complete remedy, 
but unless circumstances are exceptional it is outside the bounds of 
practicability. Material of a less compact nature than sand would allow 
of sufficient settlement to fracture a very strong roof and there is doubt 
as to the complete efficacy of sand, especially if the seam is of 
slight inclination. 


3 Report of the Witwatersrand Rock Burst Committee, 1925. 
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Drilling 
To determine what areas are likely to give trouble from bumps and 
where it may be necessary to take the precautions outlined, it is recom- 
mended that drill holes at regular intervals be put up and down for a 
distance at least 100 ft. in each case to test the nature of the overlying 
and underlying strata. 
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PPENDIX | ue Bumps in No. 2 Mine, Springhill, Nova Scotia, Oct.’ 8, 


1924, to Oct. 17, 1928 


Location 


Remarks 


5400-ft. west level, incline 4, room 2 
5400-ft. east level, incline 4, room 1 
5400-ft. west level, top of incline 14. 
5400-ft. west level, incline 2, room 2 


west, at face and high side. 
5400-ft. west level, full end turnout 2. 


5400-ft. west level, incline 114, on west 


rib about 160 ft. below face. 
5400-ft. east level, incline 4, room east 


5400-ft. east level, incline 6, pillar 1 


5400-ft. west level, incline 1, above 
and below 4700-ft. low level. 


5400-ft. east level, between inclines 3 
and 4, also inclines 3 and 4 and top 


5400-ft. east level, from door between 
inclines 2 and 3 into turnout 3. 


5900-ft. west level, incline 6, top 


5900-ft. west level at incline 4. 


5900-ft. west level on level between 


5400-ft. east level, on level at slant 2. 


5400-ft. west level, level and counter 
5400-ft. east level on level 100 ft. out- 
5900-ft. west level, incline 4, east side 


of incline 100 ft. above counter level. 


5900-ft. east level, on level 200 ft. out- 


Date 
176 Oct. 8, 1924 
east. 
1 a Oct. 9, 1924 
east. 
178 Dec. 1, 1924 
179 Dee. 2, 1924 
180 Dec. 2, 1924 
181 Dee. 2, 1924 
182 Dee. 2, 1924 
at face. 
183 Dec. 5, 1924 
- east, at face of cut. 
184 Dec. 6, 1924 
185 Dec. 6, 1924 
rooms. 
186 Dec. 8, 1924 
187 Dec. 12, 1924 
rooms. 
188 Dee. 29, 1924 
189 Dec. 29, 1924 
¥ inclines 6 and 614. 
190 Jan. 3, 1925 
191 Jan. 6, 1925 
level at incline 234. 
192 Jan. 8, 1925 
side incline 3, 
193 Jan. 9, 1925 
194 Jan. 9, 1925 
side incline 6. 
195 Jan. 13, 1925 


5400-ft. east level, head off level in- 
side incline 3. 


Force from high side; 3 sets timber and 
some stone down. 
Force from low side; coal thrown out. 


Force from high side; a number of rib 
props out. Considerable coal thrown 
out. 

Force from high side, coal thrown from 
high side and face. 

Force from high side, some high side 
props, 3 booms, some coal and stone 
down. 

Force from high side; a number of rib 
props broken and coal thrown out. 

Force from low side; 3 sets timber, 4 
low side props, 3 boxes* of stone and 
some coal down. 

Force from high side; knocked out 
running boom and 2 sets up the cut. 
Ten boxes of stone down. 

Force from low side; a large number of 
east side rib props out and broken. 
Large amount of coal off ribs, also 
fall of stone in low level. 

Force from low side; level and incline 
wrecked; timber thrown out, roof and 


floor broken. (District bump.) 
Felt distinctly on surface; one 
fatality. 


Force from high side; timber thrown 
out and road damaged for 50 or 60 ft. 
Packs moved down hill. 

Force from low side; coal and track 
thrown to high side of room; one 
fatality and one man injured. 

Force from low side; wrecked 100 ft. of 
road, knocked out 6 sets timber and a 
number of boxes of coal and stone 
down; felt on surface. 

Force from high side; few tons of coal 
knocked out. 

Force from low side; level full of coal 
for about 40 feet. 

Force from low side; level full of coal 
and roof stone down, counter level 
damaged. Two men injured. 

Force from high side; 8 high side props 
and 30 boxes of coal down. Packs 
and high side track damaged. 

Force from low side; 12 sets of timber 
knocked out, some coal and stone 
down. 

Force from high side; 12 high side 
props broken, 8 tons of coal down. 
Force from high side; coal off west rib 
and face, 8 west side props knocked 

out at face; one man injured. 


ee eee 
* Mine box holds approximately 2000 pounds. 
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No. Date 
196 Jan. 14, 1925 
197 Jan. 16, 1925 
198 Jan. 16, 1925 
199 Jan. 28, 1925 
200 Feb. 2, 1925 
202 Mar. 138, 1925 
203 Aug. 21, 1925 
204 Aug. 27, 1925 
205 Aug. 29, 1925 
206 Sept. 2, 1925 

2207 Sept. 4, 1925 
208 Sept. 11, 1925 
209 Oct. 19, 1925 
210 Oct. 19, 1925 
211 Oct. 26, 1925 
212 Oct. 30, 1925 
213 Nov. 27, 1925 
214 Jan. 5, 1926 
215 Jan. 11, 1926 
216 Jan. 16, 1926 
217 Feb. 1, 1926 


Appenpix 1.—(Continued) 


OS 8 eee 


Location 


5400-ft. east level, counter level 100 ft. 
east, incline 3. 


5400-ft. east level, counter level east 
incline 3 at face and along low side 
for about 50 ft. 

5400-ft. east level head off level 


5900-ft. east level, slope pillar, bottom 
turnout inside end. 


5400-ft. west level, incline 3 


Remarks 


Force from high side; a large amount 
of coal off high side rib for 75 ft.; no 
stone down. 

Force from low side; 3 sets of timber 
and some stone down. Road thrown 
up for 50 ft.; heavy bump. 

Force from high side; did considerable 
damage to counter level. 

Force from high side; knocked out 6 
high side props and 5 or 6 boxes of 
coal. 

Force from low side; incline in solid 
(very heavy shock on surface). 


Strike, March 5 to Aug. 6, 1925. 


5400-ft. east level, ribbing first head 
down inside incline 2. 


5400-ft. west level, incline 214, face 
top room east. 
5900-ft. west level, incline 5}4 face. 


5400-ft. west level, incline 214, top 
room east; in high side from face to 
cope up. 

5900-ft. west level, incline face 514; 
incline up 300 feet. ; 


5400-ft. east level, longwall from level 
to counter level. 


5400-ft. east level, first head inside 
No. 3; incline west rib. 

5400-ft. east level, incline 214, 30 ft. 
from face. 

5400-ft. west level, incline 214, top 
room west. 

5900-ft. east level, incline 10, room 1 
east, 25 ft. from face out. 


5900-ft. west level, incline 514, half- 
way level west at face. 


5400-ft. east level at incline 234 turn- 
out. 


5400-ft. west level, inclines 2 to 214, 
room 1. 

6500-ft. east level, on level 50 ft. from 
main slope. 

5400-ft. east level, head off level’ 


5400-ft. west level, room between 
inclines 2 and 214, about 25 ft. from 
face, room ribbed in for 90 feet. 


Force from high side; coal off ribs, top 
coal and stone down, timber knocked 
out. 

Force from low side; some coal off low 
side and road thrown up. 

Force from high side; knocked out 8 
sets of timber, 8 tons rock down at 
working face. 

Force from high side; coal thrown out 
from face to landing. 


Force from high side; knocked out 
wheel prop and injured man running 
wheel, 

Force on longwall face; large amount 
of coal off face, conveyor pans 
thrown over against packs. Two 
men injured. 

Force from high side; about 20 boxes 
coal off west rib. 

Force from low side; set of timber 
down, road thrown up. 

Force from low side; 30 ft. of road 
thrown to high side. 

Force from low side; knocked out 6 low 
side props and 2 sets of timber, 
damaged 25 ft. of road. 

Force from high side; no damage. 
Coal thrown from face and high side 
rib. 

Force from low side; 11 low side props 
knocked out and 75 ft. of road 
damaged. 

Force from high side; packs thrown to 
low side and roof fallen for 150 feet. 
Force from high side; 4 props and 6 

boxes of coal knocked out. 

Force from high side; did considerable 
damage to counter level. 
injured 

Force from high side; 10 props knocked 
out and packs damaged. Large 
stone slid down on road; two men 
injured. 


Two men 
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No. Date | Location Remarks 


218 


219 


220 
220-A 
221 


222 
223 
224 
225 
226 
227 


228 


229 
230 
231 


232 


Feb. 23, 1926 


Feb, 27, 1926 


Mar. 2, 1926 
Mar. 13, 1926 


Mar. 30, 1926 


Mar. 30, 1926 | 


April 1, 1926 


May 4, 1926 


May 18, 1926 


May 19, 1926 


May 19, 1926 


June 5, 1926 


June 7, 1926 


June 14, 1926 


June 16, 1926 


July 2, 1926 


July 5, 1926 


July 6, 1926 


July 11, 1926 
July 13, 1926 


July 16, 1926 


5400-ft. east level, rib up old head out- 
side longwall, along west rib bottom 
to face, head up 60 feet. 

5400-ft. west level, incline 234, be- 
tween level and counter level. 


5400-ft. west level, low side of level 
outside incline 2. 

5400-ft. east on level between longwall 
and incline 2. 

5400-ft. west level, incline 214, from 
counter level up 100 feet. 

5900-ft. west level, ribbing in low level 
from incline 3. 


5400-ft.west level, incline 2, top room 
west, 60 ft. from incline. 

5900-ft. west level, incline 3, halfway 
level along high side from face out 30 
ft., level in 360 ft. trom incline. 


5400lft. west level, longwall, 100 ft. 
above counter level ribbing incline 
244. 

5900-ft. west level, incline 3, halfway 
level at face. 


5900-ft. west level, incline 3, halfway 
level from face out 50 ft. high side. 


5400-ft. west level, ribbing incline 2}4 
from 40 to 70 ft. above counter level. 
6500-ft. east level, opposite incline 6 
on level. 


5400-ft. west level, longwall 110 ft. 
above counter level. 


5400-ft. west longwall at face of rib- 
bing up incline 2}%, 120 ft. above 
counter level. 

5400-ft. west level, longwall face 120 
ft. from level to top. 


5400-ft. west level, room from inclines 
2 to 244. 

5400-ft. west level, on level turnout at 
longwall. 


6500-ft. east level, main level between 
fanway and main slope. 

5400-ft. west level, 75 ft. inside in- 
cline 2 on high side. 

5400-ft. west level, on level between 
inclines 114 and 2. 


| 


Force from high side; all west rib 
props and booms down, 15 boxes of 
coal knocked out. 

Force from high side; timber and coal 
thrown out. 


Force from low side; 4 low side props 
knocked out. 

Force from low side; level closed at 
middle of bull wheel turnout. 

Force from low side; closed for 40 ft., 
props broken for 60 feet. 

Force from high side; old low level 
brought in, some stone fell on high 
side of level for 100 feet. 

Force from high side; brought in roof 
stone for 100 feet. 

Force from high side; knocked. out 9 
high side props, 6 center props and 
about 10 tons of coal. One man 
injured. 

Force on wall face; bumped coal off 
wall. 


Force from high side; knocked out 1 
prop and about 10 tons of coal. One 
man injured. 

Force from high side; knocked out 8 
high side props, 50 tons of coal and 4 
tons of stone down. 

Force from high side; coal knocked off 
rib for 30 feet. 

Force from high side; 13 sets of timber 
down, some stone and coal from high 
side rib. 

Force on longwall face; threw out 2 
packs, 12 boxes of coal. Two men 
injured. 

Force on longwall face; no damage. 
Face filled with coal. One man 
injured. 

Force on longwall face; shifted 5 hard- 
wood packs, knocked considerable 
coal off face. One fatality and two 
men injured. 

Force from high side; packs thrown to 
low side, room fell in for 150 feet. 

Force from low side; 4 sets of timber 
knocked out, top coal and stone 
down, road thrown up. 

Force from high side; 4 props out and 
6 boxes of coal down. 

Force from high side; 2 sets timber, 2 
boxes stone and 3 boxes coal down. 
Force from high side; 4 sets of timber 
down, 20 high side props broken, 13 

boxes of coal thrown out. 
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249 


250 


251 


252 


253 


254 


‘ ‘Suly 17, 1926 | 


Oct. 4, 1926 


Oct. 29, 1926 


Nov. 6, 1926 
Nov. 25, 1926 


Nov. 26, 1926 
Dec. 1, 1926 


Dee. 3, 1926 


Dec. 11, 1926 


Dec. 19, 1926 


Feb. 28, 1927 
Mar. 3, 1927 
Mar. 21, 1927 
Mar. 25, 1927 


Mar. 25, 1927 


Mar. 25,1927 


Mar. 30, 1927 


July 19, 1926 


| Aug. 20, 1926 | 
} 


| Oct. 11, 1926 | 


| 5400-ft. east fated 
| inclines Land 2. 


Saetneee level up. 
5400-ft. east level on level 60 ft. inte : 
incline Ee 


ie 


5400-ft. east level, on level 25 ft. out- 
side longwall. 


5400-ft. west level, outside bull wheel 
turnout for 50 ft. out. 

5400-ft. east level, on level outside end 
of bull wheel turnout. 

5400-ft. east level, on level 200 ft. out- 
side longwall. 


5400-ft. east level, on counter level 60 
ft. from longwall face. 


5400-ft. east level, bull wheel turnout, 
30 ft. out from longwall face. 

5400-ft. east level, longwall face from 
level to counter level. 


5400-ft. east level, 30 ft. outside long- 
wall face. 


5900-ft. east level, longwall face from 
counter level to 5700-ft. level. 


5700-ft. east level, about center of 
longwall face. 


5700-ft. east level, longwall face. 


5900-ft. east level, inside of bottom 
turnout. 


6500-ft. west level, on main level be- 


tween main slope and pipe slope. 
5700-ft. east level, longwall face. 


5700-ft. east level, longwall face. 


boxes of coal off rib. 
Force from low packs 


and 2 boxes of coal knocked o 
Force from high side; 5 sets of timb 
and 18 boxes of coal knocked out. 
Force from high side; 8 boxes of coal, 
some high side props and 2 booms 
knocked out. 

Force from high side; 3 sets timber. 
down, coal off high side, top coal and 
some stone knocked out. 

Force from high side; number of props 
broken and some coal down. 

Force on longwall face; knocked out 20 
tons of coal; probably a face weight-— 
ing. 

Force from low side; closed 2 air heads 
off low level and broke door in slant. 
Bumped low level pillar, brought in 
60 ft. of roof stone in main level and 


threw 4 packs to low side of low level. : i 
This bump very noticeable on sur- se ib 
face. Four men slightly injured. Ys 


Force on longwall face; 40 ft, of face 
damaged, stone down and props 
broken, probably a face weighting. ~ 

Force on longwall face; broke several 
booms and props, threw coal off face, 
probably a face weighting. 

| Force on longwall face; coal knocked 
off face and 3 props broken; probably 
a face weighting. 

Force from high side; two low side 
props and some coal down on high 
side. 

Force from high side; 5 boxes of coal 
knocked down from high side rib. 

Force on longwall face; knocked down 
coal and broke roof along face; prob- 
ably a face weighting. 

Force on longwall face; coal knocked 


off face of wall; probably a face 
weighting. 
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~ Location 


’ # No. | Date | 


Remarks 


(258 


259 


260 


261 


262 


3 263 
264 
a 265 


266 


visi \aa | 


267 


268 


269 


270 


271 


272 


273 


274 


275 


276 


Mar. 31, 1927 


April 23, 1927 


Aug. 12, 1927 


Sept. 16, 1927 


Oct. 14, 1927 


Oct. 27, 1927, 
1:30 p.m. 
Oct. 27, 1927, 
2:30 p.m. 
Oct. 27, 1927, 
2:45 p,. m. 
Nov. 11, 1927 


Nov. 18, 1927 


Noy. 19, 1927 


Novy. 21, 1927 


Dec. 15, 1927 
Dec. 16, 1927 


Dee. 20, 1927 


Dee. 31, 1927 


Jan. 6, 1928 


Jan. 7, 1928 


Jan. 7, 1928 


| 6500-ft. 


§700-ft. east level, bull wheel turnout. 


5900 and 5700-ft. east levels. 
5900-ft. west level, incline 434. 
5700-ft. east level, on bottom turnout 


near fanway. ‘ 
5700-ft. east level, along longwall face. 


 6500-ft. east level, incline8,room west. 


6500-ft. east level, on level near main 
slope. 

6500-ft. east level, on level outside 
incline 8. 

6500-ft. east level, at first head outside 
incline 1. 


6300-ft. east level, at incline 6. 


5900-ft. east level, longwall face 40 ft. 
from 5900-ft. level. 


5900-ft. east level, 125 ft. outside long- 
wall face between inclines 4 and 5. 


east level, 150 ft., inside 
incline 8. 
6300-ft. east level, 100 ft. inside 
incline 6. 


§900-ft. east level, on level 150 ft. 
inside incline 3. 

5900-ft. east level, 300 ft. outside long- 
wall face. Face was 70 ft. outside 
incline 5. 

5700-ft. east level, 50 ft. outside in- 
cline 3 back head. 


5900-ft. east level, 60 ft. outside in- 
cline 4, 250 ft. outside longwall face. 


5900-ft. east level, 70 to 80 ft. outside 
incline 4. 


Force from high side; 3 sets of timber 
out and 2 boxes of stone down, broke 
air line, 

Force from high side; number of 
booms broken on bull wheel turnout. 

Force from high side; 8 high side props 
broken, 10 boxes of coal off high side 
rib, large fall of stone on incline 434. 

Force from high side; 4 boxes of coal 
off high side rib. 

Force on longwall face; broke roof 
along face of wall; probably a face 
weighting. 

Force from high side; coal knocked 
down. One man injured. 

Force from high side; coal knocked 
down. 

Force from high side; coal knocked 
down. 

Force from high side; knocked out 
16 high side props, broke 8 props and 
bumped about 35 boxes of coal off 
high side rib. Roof, pavement and 
low side rib not disturbed. Threw 
some coal off high side in counter 

| level. 

Force from high side; 13 boxes coal 
off high side rib, 3 high side props and 
8 booms broken. 

Force on longwall face; 8 boxes of coal 
knocked down from face in space of 
15 ft.; no break in roof or pavement, 
no timber down. 

Force from high side; 47 boxes of coal 
off high side rib, 30 high side props 
out, knocked empty boxes to low side, 

| 50 ft. along high side damaged. 

‘Force from high side; broke 5 booms, 
knocked out 2 boxes of coal off high 
side rib and 1 box of stone down. 

Force from high side; 2 high side props 
out and about 8 boxes of coal 
knocked off high side. 

Force from high side; knocked out 8 
props and 10 boxes of coal. 

Force from high side; 5 sets of timber 
knocked out and 8 boxes of coal off 
high side rib. 

Force from high side; moved 3 packs 

and knocked 25 boxes of coal off high 

* side rib. ~ One man injured. 

Force from high side; 18 high side 
props out, about 25 boxes of coal off 
high side rib. No stone or top coal 
down. 

Force from high side; knocked out 30 
booms and about 40 high side props, 
about 70 boxes of coal down. Two 
men injured. 


oe ee ee ee <n 


’ 278 
279 


280 


281 


282 


283 


284 


285 
286 
_ 287 


288 


289 


290 


aoe 23, 1928 5900- ast lev 


| Feb. 29, 1928 


| April 12, 1928 


4 way 
| slope for 30 foot. 


Feb. 8, 1928 
cline 6. 


5700-ft. east level, incline 3, from | 
level for 50 ft. down incline. 


5900-ft. east level, between incline 3 
and first head outside. 


Mar. 24, 1928 


5900-ft. east level, on level from in- 
cline 3 in 100 feet. 

5700-ft. east level, pillar west side 
incline 3 from 5700 to 5400-ft. mine 
bord. 


Mar. 27, 1928 


Mar. 30, 1928 


Mar. 30, 1928 | 5900-ft. east level on main level at 


second slant from slope. 


5900-ft. east level, from near wall face 
out to incline 3 back head, a distance 
of 300 feet. 


June 29, 1928 | 6500-ft. east level, 


slant 5. 


200 ft. outside 


July 3, 1928 | 5700-ft. east level, from 30 to 220 ft. 


outside incline 3, 


July 9, 1928 | 5700-ft. east level, on level from in- 
cline 2 in 50 ft. to back head. 

5900-ft. east level, on level from in- 
cline 1 to 50 ft. outside, 


5900-ft east level at incline 1, 


July 24, 1928 


Sept. 26, 1928 


Oct. 9, 1928 | 5900-ft. east level, 150 ft. inside incline 


i 


6300-ft. east level, 300 ft. outside in- | 


| level at top of incline. This bump x 


stone in incline om 
Force from low side; bump was” 
high side on level and low sid 
counter level, bottom thrown up | 
level and counter level, 22 pr 2 
booms and 90 boxes of coal down, no 
roof stone down, 30 ft. of road on 
level thrown up; heavy bump. —¢ *% 
Force from high side; 33 sets of tim! f 
knocked out and 100 boxes coal down. — 
Force from low side; knocked all 
packs from west to east side of 
incline, some high side props and 
coal down on 5700-ft. level, 22 bo 
and some coal down on 5400-ft. ina 


“aS, 


felt very distinctly on surface. 
Force from high side; several props = 
and 12 boxes of coal knocked off high 82 s 
side. L 
Force from low side; 300 ft. of lever 
damaged, timber down and level 
filled with coal, road thrown to high 
side, portion of low side pillar shoved 


up hill 7 ft. District bump, felt 7. 
distinctly on surface. ae 
Force from high side; 6 boxes of coal 


knocked off high side rib. No tim- 
ber broken. 

Force from low side; 190 ft. of level 
nearly closed. District bump; one 
fatality and two men injured; felt 
distinctly on surface. 

Force from high side; 8 boxes of coal — 
off rib. 

Force from low side; about 6 boxes 
of coal down. 

Force from low side; 8 low side props 
knocked out, road thrown up for 28 
ft., 5 boxes of coal down. 

Force from low side; 50 boxes of coal 
down, 17 sets of timber knocked out, 
air line broken, 100 ft. of track dam- 
aged and 18 ft. of low side track 
thrown to high side. 
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291 Oct. 12, 1928 | 5700-ft. east level ” Force from low side; start of damage 
on level 150 ft. outside longwall face 
(incline three) extending outbye for 
a distance of 1350 ft. Maximum 
force exhibited at 900 ft. outbye 
longwall face. This bump wrecked 
portions of 5900-ft. level and threw 
coal from high side of 6300 and 6500- 
ft. levels. District bump; four men 
injured. Felt very distinctly on the 
surface. 

292 Oct. 17, 1928 | 6500-ft. east level, 1450 ft. from slope. | Force from high side; 8 props broken, 
12 boxes of coal down. 


DISCUSSION 


G. 8S. Ricz, Washington, D. C.—This paper deals with an unusual mining difficulty, 
a natural condition which fortunately is found in few of the coal-mining districts. 

As mentioned by Mr. Herd, I studied the phenomena in connection with bumps 
in September, 1924, in making a report jointly under the auspices of the mining 
company and the Minister of Public Works and Mines. This report indicated the 
necessity of changing the mining system to a longwall retreating method to lessen 
the danger of the occurrence of disastrous bumps. ~ 

Necessarily such a radical change of mining method applied in an old mine and 

from which it was necessary to keep on producing coal had to be taken by successive 
steps. Meantime the mining conditions under which “bumps” previously occurred 
still partly prevail—I refer to the presence of old pillars. It is therefore my feeling 
that the change of mining system as yet has not been sufficiently advanced to deter- 
mine the success or failure of the proposed method of a complete longwall retreating 
system. At present it appears that the method is largely one of extracting previously 
formed pillars by ‘‘long faces’”’ which are so separated and restricted in length that 
there is no opportunity for a complete fracture of the natural arches which tend to 
form in the strong rigid rocks overhead. ‘The real test of the retreating longwall 
system will not come until there is a long line of connected faces with short steps 
between, of a length approaching the depth of coal from the surface. This comment 
ig not in any way intended to reflect upon the splendid manner in which this difficult 
change of system of mining is being carried on. 

I have not visited the Springhill mine since 1924 and therefore would like to ask 
a question about the method of making the pack walls. Where do you get the stone 
or rock for the pack walls behind the face? 


T. L. McCatt, Glace Bay, N. 8.—We get that from the fallen rock in the waste. 
Wooden chocks are put in to steady the waste packings on the low side. 

G. 8S. Rice.—Are those chocks filled? 

T. L. McCauu.—Yes, they are completely filled with stones. 


H. G. Movtron, New York, N. Y.—Is the theory underlying this that very 
strong hardwood chocks are put in to force the breaking of the roof back a given 
distance? That is, the strength of this line of hardwood chocks is such that the 
break would have to come behind them, and then there is sufficient compressible 
material to allow the failure to take place gradually? 


- er 
T. L. McCaun—That is it. 
that case, if you walk back about 0 
coming up and the roof coming down. 


floor? Is the floor softer than the roof? 
TN A McGann Mest They are both hard, but the floor is 
G. 8. Ricz.—How long before the bump of April 12 had the ground ind 


: in Fig. 6 been taken out? ~ ( 
2 > 
T. L. McCatu.—About 18 months or two years before. Our present know! 
F _ indicates that we should have taken the coal out, because as far as our experience 


a district that has been bumped once will not bump again, but at the time we did not 
know that. sg ts, 


= 
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R. D. Hatt, New York, N. Y.—What are the straight lines in the center of at 
Fig. 6? eee oe 
T. L. McCatu.—Those are little faults; one has a displacement of 4 in., the other, 3 
8 inches. ; 
G. 8. Ricz.—Are they inclined or vertical faults? 
T. L. McCatu.—Nearly vertical. % 


G. S. Ricz.—I might explain the steps which led to my recommending longwall 
retreating as a method of preventing disastrous bumps after visiting and studying 
the situation in the Springhill mine in 1924. 

Various mining methods had been tried and pillar systems had failed. I was 
impressed with these outstanding things—I am speaking of the large features only— 
(1) There was a thick, strong bed of coal; (2) it had, at least in most places under 
consideration, a strong roof and fairly strong floor, both stronger in crushing strength 
than the coal; (3) the bed, being free from partings, did not provide material for 
pack walls in any plan of advancing longwall. 

These were my observations in going around the pillar faces: Judging from the 
excellent way the roof was breaking where they were extracting the pillars, there was 
relatively little danger of the roof cutting off suddenly, close to the face. The roof 
in the pillar extraction was breaking diagonally upward across the bedding over 
the goaf and receiving support from the broken rock. On the other hand, they were 
having trouble in driving headings into large blocks of coal, due to the heavy pressure. 
Bumps were occurring there and some distance back from the pillars in the roadways. 
The mine was getting deeper all the time and as the depths increased the rock pressure 
increased, and so did the difficulty and danger of the bumps. 

In going over the general mining experience of the past, it had been my observation 
in other districts, in America and in Europe, that bumps are associated with deep 
workings where the system of mining used coal pillars and where there was a strong 
roof, fairly strong floor and strong coal; where any one of these was weak, bumps 
were not probable, because the weaker material would give way gradually, and only 
squeeze effect would result. 

For example, in Colorado and New Mexico, in mines with which I used to be 
connected, which worked under high mountains, there were strong roofs and strong 
floors in many cases, but with coal so jointed by slip planes that even when advancing 


entries into new territory, you would often see the coal ribs in thick coal slabbing 
off into the roadway under the pressure. 
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Again, it had been my observation that where a roof had fractured to the surface 
and had settled so it rested firmly on the broken mass of rock in the gob, bumps or 
rock bursts were unlikely, ‘Thereafter you were dealing with a relatively loose over- 
burden material if mining continued actively and systematically. Further, the 
only way such work can be safely accomplished is by longwall, either advancing 
or retreating. 

Advancing longwall had to be discarded in this case because there was not avail- 
able underground the necessary pack-wall material for a thick bed. Also, as Mr. 
McCall pointed out, they did not have a source of supply of sand or gravel for hydrau- 
lic stowing, a method that is so successfully applied in Germany and some districts 
in France. 5 

The conditions were growing more serious with increasing depths. They had 
already a vertical depth of about 3000 ft. and there was 4000 or even 5000 ft. ahead 
of them. 

By a process of elimination, retreating longwall was selected, and it was thena 
study as to how it should be applied. For the reasons that Mr. McCall has given, I 
dismissed in considering the questions retreating uphill or downhill, and therefore 
proposed retreating step faces parallel with the dip of the coal. 

It was the mine owners’ problem to put into effect this recommendation which 
they adopted in principle, and they had a most difficult one because they could 
undertake it only piecemeal. They had to deal with an old mine, and they had to 
maintain their production. 

I believe that some of the bumps that occurred shortly after longwall retreating 
was started in isolated blocks of coal were incident to changing the method. I did 
not feel that it was a test of a completely developed system of retreat with connected 
longwall faces by which the arching of the strong overburden would be broken and 
thus relieve the pressure on the coal face. Apparently surface subsidence had not 
occurred, or at least so as to be noticeable. To obtain satisfactory longwall conditions 
the breaks or subsidence should extend up through the entire overburden to the 
surface, to prevent either cantilever or arching stresses. 

The definitions of different types of bumps given in the paper are classed by 
violence and by size. I think it is preferable to classify by cause. As the result 
of my studies of bumps in various coal fields in the western part of this country, as in 
the State of Washington, but especially in reporting on the Crow’s Nest Pass mines, 
British Columbia, in 1917 and on the Springhill mine in 1924, I group the different 
kinds of ‘‘bumps” into two general classes; viz., ‘‘pressure bumps” and “shock 
bumps,” the former being the result of overloading a pillar until it bursts, the other 
where a shock wave is transmitted through the rocks more or less at right angles to 
the bedding, like an earthquake wave, the shock being caused by the fall of a great 
mass of rock from some higher strata, through a space made by prior subsidence. 

Some of the ‘‘bumps”’ at Springhill I considered ‘pressure bumps;”’ others, like 
that of Apr. 12, 1928, described in Mr. Herd’s paper, I would call a ‘‘shock bump.” 

In the United States some bumps have occurred in the anthracite district (Pennsyl- 
vania) and in the far western coal mines but so far we have experienced few disastrous 
bumps in coal mines. In some of the deeper copper mines of Michigan there have 
been serious bumps; what are generally termed in metal mining, “rock bursts” 
or “air blasts.” However, I fear that we are likely to experience more serious bumps 
in coal mining in the future if we continue to use pillar systems when the mines get 
under deeper cover, especially in the Rocky Mountain region and in the mountain 
districts of Washington where bumps have already occurred. I believe there is 
special danger, if suitable methods are not used, in deep mining of pitching beds 
whether the beds are coal or other mineral where the roof or hanging wall and the 


footwall are strong. 
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-_ Carbonado mine, Washington, in which 


~ solid roof which extended in 3or4ft. This I "arora attribute to the effect of a sl 


Seems years ago, ee wi 


some rooms going up a steep pitch had crushe , 
roof and floor remained intact. This I would class as a p' 
occasion we examined a place where a bad bump had oc I 
mine, in a pitching bed with strong roof and floor. In this case oie as 

a wave movement of the roof. Some room pillars had been crushed a: id. the] 
entry below there were two remarkable manifestations of wave motion; the of ¥ 
not broken yet a timber crib had been moved from the upper side of the entry to t 
lower side and was intact and tight against the roof, and at the low side rib, ove 
coal which had been crushed down 4 or 5 in., there was a space between it and 


bump originating in a profound ground movement higher up due to subsidenc: a 
where some pillars had been withdrawn in the neighborhood. This case was com- 
plicated because this part of the mine occupied a pitching anticlinal structure. 

Mr. Evans will perhaps be willing to give us later information about bump condi- 
tions in these mines. 


q 
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G. W. Evans.—We have had several different types of bumps in the Northwest. 
On Vancouver Island, at the Cassidy mine, we have sonething like bumps in effect, 
which are instantaneous outbursts of gas. At Black Diamond mine, we have bumps 
that are due almost entirely to roof pressure. Strong roof and a weaker floor, but 
strong coal under a cover of 2000 ft. We have had a number of fatalities at that a 
mine. In one instance three men were killed and three locomotives were buried. __ 

At Carbonado we have a simpler condition. Under about 2000 ft. of cover, the 
bed dips at-an angle of about 35°, and there again we had a strong sandstone roof 
and a weaker floor, with strong coal in the. Windgate seam. In that instance the 
movement was up the pitch. 

I was at Crow’s Nest Pass a couple of weeks ago, and one inspector, 
Jack McDonald, told me that they had had a bump a few days ago at No. 1 mine. 
The bumps there appear to be different from the one at Black Diamond or Carbonado. 
They have been attended by large outbursts of gas. At both Carbonado and Black 
Diamond the percentage of extraction is more than at Crow’s Nest Pass; there, I have 
been told, it is only 8 or 10 per cent., still there have been bumps. 

In the Cumberland mine there have been some bumps with a strong roof on a 
weaker floor. I remember one instance when the return airway was choked 
up overnight. 


In each of the instances that I have noted there is the strong roof, comparatively 
strong floor and strong coal. 

We have not been able to work out a solution for the bumps. At Black Diamond 
they became so severe under cover of about 2000 ft. that the men became frightened 
and the management thought it best to abandon the mine. A large amount of coal 
was left. I believe that if they had attempted longwall retreating, it would have 
solved part of the problem. 

In Utah there was a bump condition in the Sunny Side mine, but it was between 
two faults with extra pressure, and as soon as the fault was crossed the bump ceased. 


8S. Rice.—If I recall correctly, in the Black Diamond mine there was involved a 
problem of natural folding. The mine was located in a pitching anticline. 


G. W. Evans.—Yes, there was arching and faulting, 


G. 8. Ricz.—In the case that Mr. Evans refers to at the Coal Creek mine, Crow’s 
Nest Pass, B. C., my investigation of the question in 1916, as reported to the Minister 
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of Mines in British Columbia‘ indicated that the phenomena of “bumps” and “out- 
_ bursts of gas” were quite distinct. They might occur coincidentally where bumps 


were the chief manifestations but their origin and effect is dissimilar. Bumps occur 


~ as already described in deep mining with strong roof and floor but where the coal is 


quite normal in its bedding. Bumps in coal mining are identical, in being caused 
by overlying ground movements, with ‘rock bursts’ and “air blasts” that occur in 
deep mining of ore beds, or thick veins whether copper, iron or gold ore, but which 
usually occur only in pillar extraction. “Outbursts” as applied in coal mining mean 
instantaneous outbursts of gas which throw out coal with much dust violently from 
the face, as from a blast, in some cases a huge blast, throwing out thousands of tons ~ 
ofcoal. Belowa depth from the surface of about 1000 ft. their occurrence is independ- 
ent of depth. They more usually occur, though not necessarily, in pitching or folded 
coal beds. My observation has been in studying the occurrences in various coal 
fields that they are due to geologic folding resulting in local thrusts after the coal 
has reached the stage of a true coal and in the subsequent folding, there has been a 
local lateral, perhaps somewhat twisting, movement of floor or roof crushing the coal. 
This has liberated occluded gases of the coal yet at the same time it appears to have 
produced a nearly impervious outer wall or shell of compacted coal perhaps sealed 
by the float dust carried by the gases. Crushing tests in vacuo have shown that some 
coals from mines subject to outbursts give off several volumes of gas per volume of 
coal. The Coal Creek (B. C.) coal gave three volumes. When the wall or “‘shell”’ 
or concentric “‘shells” are attacked by mining and sufficiently weakened, the highly 
compressed gas contained within, held under pressure in the previously crushed coal, 
bursts out violently. Fine coal dust always accompanies such outbursts; perhaps the 
gas may have been held under the pressure in almost liquefied state on the surface 
of the particle of the dust. 

In mines subject to outbursts of gas, the coal ranges in rank from a high-volatile 
bituminous coal as at the Cassidy mine, Vancouver Island, B. C., to anthracite 
in South Wales. The kind of gas given off in the outbursts is not known definitely, 
because immediate sampling is not possible. If the volume of gas is great or continues 
to come from the outburst area for a considerable time there may be opportunity for 
sampling. Enough sampling has been done to make it known that in mines subject 
to outbursts, of Belgium, South Wales, England and British Columbia (Coal Creek 
and Cassidy mines), also in now abandoned mines near Dunmore, Alberta, the pre- 
dominating outburst gas is methane; whereas in certain mines in southern France 
near Alais, and in upper Silesia, Germany, the gas is chiefly carbon dioxide. 

As concerns the origin of the carbon dioxide, various theories have been put 
forward, such as reaction of acid waters on limestone and that the gases are from 
expired volcanism in the region, which have migrated to the coal. The writer has 
put forward® the theory, based on some unpublished preliminary laboratory tests 
of forcing a synthetic mixture of coal gases through highly compressed coal dust, 
that carbon dioxide was a residual gas after the methane, and other hydrocarbon 
gases of lighter density had slowly escaped through the ages from the nearly sealed 
area of crushed coal, leaving the heavier gases such as carbon dioxide behind. 
Although outbursts always occur in mines that are rated as “gassy,” the mines are 
not always ‘“‘very gassy.”” There are hundreds of very gassy mines throughout the 
world, some with enormous flows of gas, yet comparatively few mines, and none as 
yet developed in the United States, are subject to violent instantaneous outbursts 


of gas. 


4 Bumps and Outbursts of Gas in the Crow’s Nest Pass Mines. Annual Report, 
British Columbia Dept. of Mines (1916). 
5G S. Rice: Discussion. Proc. South Wales Inst. of Engrs. (1927) 32. 
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Returning to the question of bumps and outbursts at the Coal Creek mine, the 
system of mining to which Mr. Evans refers, by which only about 15 per cent. of the 


coal is taken out, was adopted by the company at the time of my investigations in 


1916. Although some “bumping” continued until the overlying rocks had settled, 
the bumps became less and less severe, indicating that the method was successful. 
This does not refer to instantaneous gas outbursts, which are another and, in my 
opinion, a separate serious problem. Mr. Evans probably is not aware that there was 


no expectation of regarding the 15 per cent. extraction as final; the method is to — 


block out the coal and eventually when certain assigned boundaries have been reached, 
to extract as much coal as possible by some form of retreating longwall. 

The “outburst” problem, which had been so serious in certain mines in the 
Crow’s Nest Pass field as to cause their abandonment, before the Coal Creek mines 
started, had not seriously troubled the No. 1 mine until about five or six years 
ago, although this mine had been extremely gassy. Then outbursts occurred in cer- 
tain areas. I think it is to one of these that Mr. Evans referred. Through the 
courtesy of Mr. Canfield, general superintendent, I have kept in touch with the 
difficult conditions met with and until the recent outburst, by remarkably able 
handling, loss of life had been prevented. 


H. G. Movuton.—Our Institute is greatly indebted to the officials of the British 
Empire Steel Corpn. for the time and effort which they have given to the preparation 
of papers and discussions for our meetings. Even during the period of depression 
which the steel and coal industries have been passing through, Mr. Herd and Mr. 
McCall have been willing to undertake the months of study required for the prepara- 
tion of this paper. It is particularly pleasant to receive such whole-hearted cooper- 
ation from companies operating outside the United States, thus testifying to the 
international character of our organization. 

Some comment has been made on the bumps that have occurred in the Cassidy 
mines on Vancouver Island, British Columbia. The difficulties encountered in the 
Cassidy seam appeared to be a combination of gas outbursts and bumps resulting 
from release of stress. The seam is folded and irregular in sections, and presents a 
typical case of accumulation of stress through folding and displacement. 

I am in accord with Mr. Rice in feeling that bumps result from a combination of 
relations in strength between the coal on the one hand and the roofs and floors on the 
other; when coal seams with strong roofs and floors are mined at great depths, the 
pressures are not relieved regularly as the coal is taken out, but accumulate and are 
relieved over large areas. The pressures transmitted through a strong roof before 
its failure will result in stress in the solid coal, which in turn may cause bumps in the 
entries. In this event, it may be necessary to widen the entries so that the displaced 
coal will not fall upon the tracks, or it may even be necessary to drive the entries 
below the coal so as to keep them in stronger material. 

The problem of bumps and the adjustment of mining methods to meet the result- 
ing conditions has an economic aspect, particularly in the northwestern part of the 
United States and in British Columbia; coal mines have been operating with room- 
and-pillar methods for the purpose of obtaining coal at the lowest cost and under 
such circumstances commenced operations on a profitable basis. In many cases as 
the mines have become deeper the occurrence of bumps resulting from increased 
stress due to the depth or to geological conditions has indicated the necessity of 
changing to longwall methods of mining. Unfortunately this condition has been 
faced at a time when the competition of crude oil has caused a reduction in the price 
of coal and consequent decline in profits to a point where many properties which on 
technical grounds should now be changing their mining methods to meet the change 
in operating conditions, involving in many cases entire new layouts, are prevented by 
financial considerations from making the necessary changes. 
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The lesson from this is that if a mine which is pitching steeply and gives every 


indication of developing excessives pressures and consequent bumps as the operations 
are extended in depth does carry the promise of sufficient profit to permit a proper 
layout in the beginning with provision for longwall mining and with wide entries - 
or entries underlying the coal, it had better be viewed as a non-commercial property 
and the coal left standing awaiting the possibilities of the future. It is quite prob- 
able that a good deal of the trouble from bumps in coal-mining operations has come 
from attempts to operate properties on too narrow a margin of profit to permit the 
proper layout for operation. . . 


H. N. Eavenson, Pittsburgh, Pa.—There are a couple of mines in Harlan County, 
Kentucky, which are beginning to experience this same trouble, but conditions yet 
are not nearly so bad as in Mr. McCall’s mine or as in the Western mines. In one 
mine the cover runs from 1500 to 2000 ft.; in the other, it will be about 2600 ft., but 
at present they have about 2000 ft. The roof is generally hard; usually sandstone 
or very strong sandy shale. Sometimes there is a heavy draw slate over the coal. 
The coal is hard and brittle, and the bottom, I think, is not quite as strong as the top. 
The trouble there manifests itself in large masses of coal, sometimes 4, 5 or 6 ft. deep, 
bursting out over the face of the room. 

In both of those ‘mines the seams are practically flat. The trouble occurs 
usually in advancing places in a concentrated system of working that has a large 
area open, and I think that relieves the pressure other than in the local conditions 
mentioned. 

In the second mine, which is smaller, workings extend over a great deal more 
open territory than there is in the Nova Scotia mine, and there is a good deal of gas, 
which comes out from the coal and makes considerable trouble. I do not think that 
there has been any fatality yet, but eventually in that district some mines will be 
working in seams as much as 3000 ft. deep, and it may be possible that sometime in 
the future they will have more trouble of this sort unless a type of mining is laid out 
that will be a safeguard against it. 


R. D. Hatu.—To my mind these bumps arise from arch rather than from bending- 
moment stress. As the roof gives way the arch spans extends further and further. 
These extensions were not confined to the period of operation but were noticeable 
when the mine was idle prior to the replacement of room and pillar methods by 
retreating longwall. 

It seems to me that with a sandstone roof there is almost rigid resistance up to a 
certain point; then the resistance is suddenly overborne, bringing to bear on the coal 
a load that is extremely severe. With slate or shale there will be greater deformation 
under stress. Consequently dynamic stresses will not be set up. Iam not referring, 
of course, to such dynamic stresses, or shocks, as Mr. Rice describes. They probably 
exist at times in British Columbia mines. 

Reference was made by Mr. McCall to a lowering of the bottom rock after its 
ascent and to the coal descending with it thus leaving the immense cavity illustrated 
in the article. I cannot conceive that the pavement of the seam would lower after 
it had once risen and would like to hear Mr. McCall’s explanation as to the manner 


in which this becomes possible. 


G. S. Rice.—The specific bump at Springhill that is described in detail is of unusual 
interest because not only were the immediate results of the bump and general con- 
ditions carefully recorded but subsequent excavation followed, and it is really a very 
unusual record. Ido not remember seeing any similar case. To me itis an instance 
of a shock bump, which has been transmitted through the roof and coal to the floor, 


causing that to buckle upwa 
wall face. 


T. L. McCauu.—Mr. Hall referred to arching action. The paper 
that point. Where the author speaks on the theory of bumps, he mentions ¢ 
action and takes it into account. ; * 

Regarding the bottom coming up and going down again, that is a wave m 
We are of the opinion that these bumps are caused by pressure and shocks s 
up a wave motion in the roof, and in the pavement, but mostly in the pave 


As an example of what the wave motion in the pavement can do, I can cite an <n 
instance when we were beginning the use of longwall. We had laid our conveyor m=! 


pans up along the face. We had chocks built along behind the conveyor, parallel 
with the face—hardwood chocks, 4 ft. square—then a bump occurred. It picked 


up one of the packs and planted it on the top of the conveyor pans and left it there. 


The conveyor pan was about 12 in. off the floor level. There must have been a con- 

siderable wave motion to pick up the chock, move it 10 it. and place it, without a 

stick disturbed, on top of the conveyor pan. That occurred before full development 

of the longwall system; later we found that bumps do not affect the longwall face badly. 
We have had the tracks of roadways thrown uphill. 


G. W. Evans.—That happened in Carbonado mine and also in Black Diamond. 
T. L. McCatu.—Was the coal displaced? 


G. W. Evans.—The pillar on the lower side of the gangway was badly crushed. 
but not displaced, and the pillars above the gangways were crushed to a powder, 
In one instance the roof had come down for a distance of 800 feet. - 


T. L. McCaxu.—In connection with the bumps at Springhill, usually the roof is 
not disturbed. The reaction seems to come from the pavement. Occasionally the jar 
seems to loosen the roof and bring it down, but that is the exception rather than the 
rule. That is why we are able to widen our levels; we have been able to carry 
them 30 ft. wide with just a line of chocks for support. 


R. D. Hau (written discussion).—Mr. Herd’s admirable description of the bumps 
at Springhill give much food for thought regarding the action of the roof. It must 
be remembered that all roofs do not act alike, especially when the systems of mine 
extraction differ and are of varying completeness. In the main there are four kinds 
of roofs: 

1. Roof where the solid part of the cover is so thin that it will fail from shear. 
When a mass of unconsolidated material, such as Pleistocene gravel or glacial till, 
lies on the thin solid part of the cover, the probability of failure of this kind is ieee 

2. Roof that spans only narrow openings such as rooms or headings where the 
solid part of the cover is strong. Here the roof is not subject to so much bending 

“moment that it will break at the surface over the pillar, no matter how shallow or 
how deep the coal seam may be. 

The under layers of the roof may be separate from the upper layers or may become 
so by reason of differential stress, by expansion from heat or by the presence of mate- 
rial that is susceptible to expansion from moisture or oxidation. These under layers 
may break off and form the much discussed Gothic arch. This failure may possibl 
and probably does, often reach the surface. e 

These preliminary acknowledgments are made necessary because if one does 
not recite faith in them, ‘“‘orthodox”’ petrodynamists will believe they are being denied 

3. Roof that spans a large opening but that is relatively so thin that the tensile 
strength of the roof is inadequate to resist the tensile stresses. According] the ‘ 
is torn over the pillar from the surface some short distance downward, anda rays 
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similar distance in the mid-span, but in this case from the bottom upward. Then the 


- platelike roof* becomes so much weakened that its ability to support itself seems ended. 


There seems nothing to prevent both fractures extending, the one over the pillar 
downward, that over the opening upward, but scarcely is the sound of the rending over 
than the roof quiets down. The thrust of the two opposing rectangular masses 
(for such a shape they seem rapidly assuming as they try to revolve on the edges of 
the pillars) prevents any further motion. Until the thrust causes the measures to 
shear horizontally the roof cannot fall. When it fails by thus shearing, it again 
becomes a beam, breaks rapidly again and once more chokes, this time with a lower 
point of thrust contact. At last, the roof fails enough to rest on the broken rock in 
the excavation and the subsidence is practically ended. 

All this has been said in brief and irrelevant introduction for fear it will be said 
that the preliminaries have been forgotten and that the type of roof failure I have 
hitherto chosen to discuss I have now discarded for another entirely different. Noth- 
ing is discarded; in what follows there is merely a recognition of another of the many 
forms of roof failure, and indeed there are other forms than those described in this 
discussion. It is as if one would descant upon the Hebrew alphabet, only to be told 
that the Latin alphabet is universally used, and is the only means of expression, and 
that the Greek alphabet, which was the subject of previous dissertations, is now 
already recognized by the writer as nonexistent. Returning to the fourth roof type: 

4, Extremely thick roof which spans a large opening such as is created by longwall 
or results from methodical pillar drawing of a panel or series of panels. Such roof is 
almost sure to fracture over the pillar if mining is continued, but in some instances 
such failure is delayed so long that it seems as if it would never occur. In fact, the 
failure may be delayed almost indefinitely if the cover is extremely thick, if the rocks 
have great compressive strength at right angles to the stress they have to sustain and 
if the strata do not slide readily on each other to permit failure. ’ 

It must be remembered that in an exteriorly loaded weightless beam the resistance 
to bending per unit of maximum tensile and compressive stress would increase as the 
square of its depth, but as the beam is not weightless, and as its weight is proportional 
to its depth, the tensile and compressive stresses in a beam loaded only with its own 
weight will decrease proportionately to the increase in its depth. Accordingly a 
thick beam is slow to break over the support as the stress is smaller than with a 
shallower beam. 

When a beam sags, compressive stresses are set up in the upper part of the beam 
over the center of the opening, just as occurs in an arch. These stresses combine 
with beam loads, which become greater and greater as they recede from the vertical 
over the center of the opening and approach the verticals over the supports. 

The line of forces thus established passes from the vertical over the opening along a 
curved line shaped like one-half of an arch down to the mine floor. It is commonly 
termed a “‘stress polygon,” though it is, of course, not a true polygon but a continuous 
curve in the overburden. The structure which thus sets up a line of stress resembling 
an arch is by no means necessarily itself of arch shape. It might be better to break 
away from precedent and term the stress polygon a “stress curve.” This curve, 
though it is shaped like an arch, may exist in a roof in which not a ton of rock has 
fallen. It is an invisible line like the axis of the earth. This must be clearly under- 
stood or the discussion of the stress curve may lead to erroneous conclusions. 

As has been said, the failure of the roof over the pillar may be almost indefinitely 
delayed, and at Springhill it seems likely that as the depth rapidly increases with 
distance the day of such rupture may never arrive. 


6 The expression “‘platelike” is used to imply great horizontal extension in two 
directions and not to suggest thinness. The plate might be 100 to, say, 1000 ft. 
thick, or even more. 
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Fig. 13 shows the way in which the compressive stresses | in 
or indeed from bending, are compounded with the weight of the 0c! 
and how the increments of weight bend the line of stress, or stress curv’ 
the supports. With a large thrust the curve flattens, as can be seen 
in which the three curves are based on thrusts in the relation 1:2: 4. dais: 

One is always in a quandary when searching for words to express entitie 
have never been described. One can invent a new word or strain the meaning 
old one. In the one case the word is difficult to remember and sounds pedantic ; 
in the other case it is misleading. I shall risk censure and adopt the second course 
in this discussion. ‘The underside, or innerside, of an arch is termed the “‘intrados,’ i 


on 


its upper or outerside is named the “‘extrados.” Let us use these words quite erro- 


Fig. 13.—SrrEss POLYGON, OR RATHER STRESS CURVE, WITH THRUSTS IN RATIO 1:2: 4. 
STRESS IS REALLY TWO-DIMENSIONAL AND THE CURVE ONLY A TRACE. 


neously in this discussion, regarding the intrados as the material of the roof which is 
below or within the stress curve and which has not fallen or sagged away from the 
main mass. 

I know this is a confusing use of the word, for there is in most cases a real arch 
with a real inner or under surface which is truly entitled to be regarded as the intrados. 
The use suggested replaces a three-dimensional arch and its two-dimensional intrados 
by a two-dimensional stress curve and a three-dimensional intrados. Also I ask 
permission to use ‘‘extrados,”’ for the rock mass above and beyond the stress curve, 
in an equally erroneous manner (see Fig. 14). 

In a beam which has throughout equal elasticity the sum of the compressive forces 
may be regarded as concentrated at a point equal to one-sixth of the depth of the 
beam from the beam’s upper surface. With any body of overburden, as the top rocks 
have much less strength than those further down, this point must be below the surface 
more than one-sixth of the depth of the overburden. Its exact location will vary with 
the nature of the surface rocks. Furthermore, equal elasticity throughout the mass 
cannot be safely predicated. The actual summation point for all the compressive 
stresses is hardly so important, however, as the point of maximum pressure and as 
the maximum stress that point sustains. Therefore it might be well to regard the line 
of forces or stress curve as the line of maximum stress, and also to designate the 


extrados as the masses above that line and the intrados as the adherent 


masses 
below it. F 
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- In a beam spanning an excavated area the lower half, if the beam is of equally 
%. elastic material throughout, is in tension. So also it is regarded as tending in that 
§ direction in an arch when the line of force is outside the middle third. Consequently 
4 the question whether the line of force or stress polygon should be considered as result- 
4 . 
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Fig. 16.—SHows HOW STRESS CURVE Fa. 17.—SAME ADAPTED TO SPRINGHILL 
CROWNS MOVE WITH EXCAVATION OF COAL CONDITIONS. 
OR WEAKENING OF RIB. 
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Fig. 18.—SHows THE DIFFERENCE Fig. 19.—SUGGESTS MANNERIN WHICH 
BETWEEN THE REAL AND ACCEPTED STRESS MAY BE DISTRIBUTED IN ROOF AND 
“ANGLE OF DRAW.” ON COAL. 


ing from the entire weight of the intradosal masses is an insistent one. Certainly 
it should not be so regarded in cases where the tensional stresses so destroy the strength 
of parts of the intradosal structure as to cause them to fall to the mine floor. But 
in some cases there will be only sagging. ‘The mass thus separated will not neces- 


sarily fall. 
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The collapse of even these intradosal masses of mine roof is not by any means ~ 


easy. ‘The masses when ruptured will crowd each other, setting up thrusts and form- 
ing a new and separate stress curve, which must for its self-preservation necessarily 
be flatter than the superior stress curve, or curves. If it is not flatter, it cannot carry 
to the abutments and will fall. It attains that greater flatness either by reason of a 
greater thrust at the crown of the curve or by reason of lighter loading, the lightness, 
of course, being because much of the roof load is supported by one or more superior 
stress Curves. 

Whatever span needs to be covered by the stress curve will be covered by it or the. 
roof will fail, but the span of the stress curve will never be one foot greater than neces- 
sary to reach adequate support, for it is only as the roof begins to fail that the compres- 
sive stress arises to support it. The stress is never a ton greater than will serve 
that need, so the thrust is always just that which will carry the stress curve over to 
adequate support. The roof will fail only when the rock or coal fails to sustain the 
needed stress and when it is no longer possible to shift the burden. 

A true arch, one that has the shape of an arch and is loaded only by its own weight, 
has a stress curve that follows the line of a catenary. A stress curve in a mass of 
unbroken roof has the form of a parabola. The stress curve in a span that by ‘‘intra- 
dosal”’ caving has become arched has a form between a catenary and a parabola. 
It has a vertical loading that increases toward the haunches. F 

It is probable that the stress curve changes the location of its crown as the coal 
is mined away, or as the stress destroys the resistance of the pillar adjacent to the 
working face and so increases the area of non-resistance. With a level seam, and 
with mining in only one direction, if the déstruction of pillar resistance is overlooked, 
the location of the crown should advance one-half as fast as the excavation. This 
movement of the crown also adds to the probability that fracture will be long delayed. 

With a seam under 2500 ft. of solid rock, a span of a mile is by no means extraordi- 
nary. On the contrary it might be expected. Apparently at Springhill the excavated 
area and that area which has been weakened beyond resistance by bumps are together 
probably much more than 1 mile wide, though the upper “arch” limb must be much 
shorter than the lower, because the cover is much shallower. 

It has been said already that where a beam is loaded with only its own weight 
the beam stresses in compression and tension will be inversely proportional to its 
depth. Thus with an overburden of 2500 ft. these stresses will be one twenty-fifth 
those where the overburden is only 100 ft. The denominator of this ratio will be 
greatly increased if the rotten surface rocks are deep. Thus if they are 20 ft. thick, 
the resistant overburden will be 2480 ft. in one case and 80 ft. in the other, and the 
stresses will be one thirty-first part in the former case of what they would be in the 
latter without regard to the weight of the rotten rocks, which would stress the thinner 
solid rocks 31 by 31 times, or 961 times as much as the thicker. With a stress curve 
taking the load, the tensile stresses would be still further reduced. 

Deep mines, therefore, should have better roof than shallow ones. Springhill 
has such a roof. In deep roof, not only are the tensile stresses less, but as the cement- 
ing bodies are not leached out, the roof should be intrinsically stronger. Where the 
horizontal tensile stresses are less, the horizontal shears between layers of rock are less 
and ‘‘drawroof’’ is less likely to form. ei 

However, there is always the possibility of swelling ground and of rock naturally 
weak, and perhaps of cooling by ventilation or of heating when steam is introduced 
as for pumping, so one cannot always count on obtaining increased strength with depth. 
At some of the mines in the Glace Bay district the roof gets more troublesome as the 
coal becomes deeper. One can only explain that action by an assumption that the 


weakness is due either to expansible materials in the roof or natural incoherence more 
likely the first. 
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_ Though what I expect to say later will show what terrific forces are set up by any 
mining operation that is conducted without caving, one cannot but be impressed 
from what Mr. Herd said regarding bumps, that the stress curve has only a limited 
area of incidence. When we talk of weight “‘riding the pillar” we mean not so much 
that the bending roof is crowding the coal pillar further and further, but that the 
point of stress-curve incidence, or rather line of incidence, is moving back over the 
coal. Consequently it would be just as well, as Mr. Herd rightly says ought to 
have been done at Springhill, to remove the coal from the area that is no longer 
competent to sustain the incidence of the stress curve and, therefore, no longer 
subject to that pressure. 

Again, with apologies, I shall use the word “‘intrados” incorrectly and term this 
coal pillar, no longer subject to stress-curve pressure, the ‘‘intradosal pillar’’’ (see 
Fig. 15). Sometimes in shallow measures an effort is made ‘to restore the strength 
of the intradosal pillar, and this conceivably might be done to such a degree in shallow 
measures that the roof finding a resistance at that nearer point as great or greater 
than farther back might transfer the stress-curve to that point. In loose parlance, 
one might say that the roof is looking always for the nearest poms of incidence com- 
petent to sustain it. 

Perhaps one may be pardoned for suggesting that there might be a question 
whether the bump of Apr. 12, 1928, in Springhill mine really originated from the 
new retreating longwall, as the author seems to infer. Is it not conceivable that it was 
the result of pressure from the arch over the old extracted area? Might it not possibly 
have been the result of the stress curves of both systems intersecting? The pillars 
that fail at Springhill are perhaps at points where groined arches intersect. 

That the cavity in the coal pillar and the extrusion in the roads run parallel to 


_ the line of the older extracted area and are at right angles to the advancing line of the 


retreating longwall seems to point to the predominant pressure as coming from the 
old waste rather than the new. 

The faulting found in the mine might seem to be the result of the pressures at the 
foot of the stress curves extending over the new waste, but the faulting was doubtless 
earlier than the opening of the mine and was probably even prehistoric. It must have 
been found in part when driving the levels or Mr. Herd would certainly have referred 
to it as a possible evidence of recent pressure. 

However, Mr. Herd’s argument for the wave action radiating from the retreating 
longwall is entitled to great weight. Mr. Herd is disposed to believe that the locus 
of the maximum pressure was what is now at the end of the cavity nearest the coal 
face of the longwall retreat. In the language I have employed, it would be the footing 
of the stress curve. If Mr. Herd’s assumption is correct the action might be thus 
stated: When the rock broke under the stress, the coal was forced out, and when the 
incidence of the stress curve shifted to a point farther back to find coal that would 
oppose the stress, the stress was relieved and the floor fell back, causing a cavity 
to form. 

Though at Springhill there has been no surface rupture over the pillar, that is, 
no “draw,” it might be well, nevertheless, to say that where the fall of the roof is 
delayed so that the stress curves withdraw from the face, the angle of draw—if draw 
should ever occur—should not in level beds be measured from the vertical over the 


“coal face backward to the line of rupture, but if possible from the vertical over the 


footing of the stress curve to that same surface fracture. This will explain why 
the draw is sometimes so remote from the vertical over the true face. 

Leaving coal intradosally may support intradosal roof masses and reduce the 
vertical components in the stress curve and thus enable the width of the span of that 
curve to be increased without collapse, so that the weight will move back. Eeranpe 
this is why the leaving of pillars in imperfect coal recovery causes the weight to ‘“‘ride 
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the pillars.”” In saying this I am thinking of other mines than Springhill, where the 
pillars have been ridden apparently in part because of the loss of pillar coal in room 
and pillar workings. 3 any 
An instance of 1121 ft. of draw is derived from Manchester, England, where ‘das se 
coal was 11 ft. thick and the depth of seam 1725 ft., making the apparent “angle of 
draw’’ 33° 1’. Here the ratio of subsidence bnareaet 1903 and 1906 was only 27.8 
per cent. The actual subsidence was 3.06 ft. At this mine, judging from the sub- : 
sidence ratio, either the pack walling was unusually complete, close and competent ‘i 
to support the roof, or pillars had been left in. The subsidence was even less between 
1900 and 1903, for the record shows that it was only 0.10 per cent. Evidently there 
was delayed caving, on account of the great depth of the coal, or there would have 
been more subsidence between 1900 and 1903, but there must have been intradosal 
support or the final subsidence after the draw fracture occurred might have been 
expected to exceed 27.8 per cent. Thus, two reasons—failure of intradosal pillars 
to sustain the arch and intradosal support of internal rock masses, the latter thus 
relieving the arch of some weight—caused the pressure of the stress curve probably to 
extend well back of the face before the roof collapsed, and the draw, therefore, should 
be measured from the vertical over the edge of the truly resistant-coal back to the 
line of surface rupture. This instance is taken from a review of the minutes of 
evidence of the Royal Commission on Mining Subsidence.’ 
In the above I have calculated the ‘‘angle of draw” but must point out that it 
may be only a mathematical abstraction. The proof that there really is a fracture 
line lying at any such angle has never been satisfactorily presented. There is a frac- 
ture above and one near the pillar below, but that they join is yet to be proved 
It is unfortunate that the expression “‘line of draw”’ has been coined. It gives the 
honorable status of a proven fact to what is only an extremely questionable conjecture. 
Before attempting any calculations of the stresses in the roof and pillars arising 
from large extracted areas such as those at Springhill, it would be well to consider in 
general the strength of rock and coal under compression. All tests of the strength 
of these materials are, and of necessity must be, fallacious, because both must be much 
stronger in large masses than in small specimens, for in the former instance lateral 
extrusion or sliding on oblique fracture planes is prevented. 
The Scranton Engineers’ Club committee found from its experiments at Lehigh 
University, made I believe in 1900, that the strength of anthracite varied roughly as 
the square root of the ratio, which the width of the square block being tested bore 
to the height. If a specimen had a 2 by 2-in. cross-section and the height was 1 in., 
its ratio would be 2, and if it had a height of 1 in. and an 18 by 18-in. cross-section, 
the ratio would be 18. In that case the ratio between the ratios would be 9.1 and 
the relative strengths would be 3:1. If the coal in the specimen 2 by 2 by 1 in. 
had a strength of 10,525 Ib. per. sq. in., such as was exhibited by coal of the Clark 
seam at Hazleton No. 5, the coal in a specimen 18 by 18 by 1 in. would have a strength 
of 31, 575 lb. The experiments were all on pieces running from 2 by 2 by 1 to 2 by 2 
by 4 in.; so one cannot say just how far the analogy could be pressed. Certainly not 
to the limit, for then a pillar infinitely large could be exposed to infinite pressure 
without crushing. But even if it did crush, it still would have strength, for fine sand 
after it has been consolidated by pressure makes a sustaining pillar. 
In passing it may be said that the weakest of all the anthracite tested i in blocks 
measuring 2 by 2 by 1in., of which the 1 in. was the depth, failed only under a pressure 
o ae per sq. in. That anthracite came from the Little Lykens Valley seam 
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‘The coal at Springhill is hard and perhaps it might be reasonable to put its strength 
in pillars 100 ft. wide and even longer at 23,000 lb. persq.in. I am well aware that in 
assuming such a figure one exposes oneself to much criticism. The answer can only 


_ be that, regardless of all the results of the testing laboratories, the strength exhibited 


by certain strong mine pillars, and the concentration of the stresses over a small area 
of incidence, makes this assumption necessary, and in fact the laboratories themselves 
have propounded a theory that if it may be carried to its limits would make such a 
strength low. It must be remembered that the coal at Springhill is 10 ft. thick and 
the pillars are 100 ft. wide, so the ratio is 10:1, which compares with the ratio of a 
specimen 2 by 2 by 1 in. as 5:1. The square roots will compare almost as 2.236: 1. 
With coal as strong as Hazleton No. 5 this would give a strength of 23,534 lb. per 
sq.in. Widening the pillars should measurably increase this pillar strength. 

- W. J. Macquorn Rankine, quoting an address by Mr. Fairbairn before the Man- 
chester Philosophical Society, puts the strength of strong Yorkshire sandstone (mean 
of 9 experiments) at 9824 lb. per sq. in. He does not say what were the dimensions 
of the specimens tested. - It might be safe to assume that sandstone has a strength of, 
at least, 60,000 lb. per sq: in. in unbroken bed, though it must be remembered that the 
maximum stress is near the surface of the ground and the pressure is not on the bed 
but along the planes of bedding where exfoliation is easy, the more so as the pressure 


' is not uniform but increases toward the outside layer. However, Mr. Rankine 


quotes Mr. Fairbairn as saying that his experiments showed that the resistance of 
strong sandstone to crushing in a direction parallel to the layers is ‘only’ six-sevenths 
of the resistance to crushing in a direction perpendicular to the layers. 

In order not to introduce complications in the calculations of the stresses of the 
stress curve, let the coal be assumed to be level and let a section of the arch 1 ft. wide 
be taken. Let P = weight of the overburden over the entire span. Let h be the 
height of the overburden and s the span of the curve described by the center of 
inertia of the compressive stress, which span must be wider than the opening in the 
coal by half the width of the area over which the stress falls and may be more if some of 
the coal has already been crushed and its resistance destroyed. Let w be the weight 
of the overburden per cubic foot. Then P = hsw. 

Let T be the total thrust of the stress curve at the median line. Let h’ = the 
maximum height of the stress curve, namely the height at this same median line. 
The curve described is constructed to represent the entire thrust as located at its 
center of inertia. 

Then by the rule of the parabola 

16P hi 4h’ 


h’ is always less than h, for the center of inertia of the stress curve is below the 
upper resisting layer perhaps one-sixth of the depth of overburden plus the depth 
to this resisting layer, which possibly is 25 ft. or so. Overlooking the latter, 
h’ = 0.833 h provided the modulus of elasticity for rock is equal both for extension 


and compression. 


Then 
Sale ee ae) 
~ 6.67h 6.67 
If the specific weight of the overburden is 160 lb. per sq. ft. 
2 
eae 


6.67 


then | ey fs ai od ey 

T = 669,081,600 
The pressure is zero at the neutral axis and two-t 
ofinertia. Thrust is exhibited from the neutral axis to the 
for the nonce has been assumed as the surface, though it is prdbabl y 
lower. Let the distance over which thrust is exerted be a. ’ 
r The average stress per sq. ft. is 


a)y 
yy 


If the height is 2500 ft., the average stress is 535,265 lb. per sq. ft. REP) the maxi 
mum stress must be 1,070, 530 lb. per sq. ft. or 7434 pounds per square inches. 

Evidently the maximum resistance of the rock is nowhere near reached. The roof 
evidently can extend over a much larger excavated area and can spread itself over a : 
much more extensive bumped area if the haunches will stand the strain. Note also a Re - 
how the depth of the overburden h is eliminated in the calculations of thrust, for the ms $ 
thrust would be inversely proportional to the height if it were not for the fact that the 4s i 
load is proportional to that same factor. Height would actually reduce the compres- __ 
sive strain if the structure were weightless and externally loaded. Thus because 
the overburden is thick is no reason for assuming that the total thrust is severe. It 
is rather a reason for expecting that the thrust per square inch will be low for any 
given span. 

Still taking the thickness of the overburden as 2500 ft. and the span as 5280 ft. 
the half weight of the overburden will be 2500 by 160 by 2640 or 1,056,000,000 Ib. 
Combining the weight of the overburden with the thrust; viz., 669, 081, 600 Ib. 
geometrically, the stress will be 1,249,122,000 lb., and the angle of the stress to the 
vertical will be 32° 21.5’. The maximum stress will be put at 23,000 lb. per sq. in. 
The average stress will be half that, or 11,500 lb. per sq. in. or 1,656,000 lb. per 
sq. ft. Thus the stress will dispose itself over a distance of 755 feet. 

If this is true, the bump is due to a local giving way at the line of maximum stress. 
The coal intradosal to this maximum stress is thus squeezed intradosally and the coal 
will be extruded into the heading intradosal to the maximum stress. The pressure 
continuing down into the floor will cause the floor to heave in any near-by extradosal 
heading; this would be explained by the difference in action in the two headings. 
The inclination of the stress would make such extradosal effects more likely and 
more extended. 


Misfires in Anthracite Coal Mines 


By T. D. THomas,* Lansrorp, Pa. 
(New York Meeting, February, 1929) 


IN THIS paper, major attention is given to misfires in mines where 
electric multiple shot-firing is the system used. 

Misfires are sometimes caused by one action or condition and at 
other times by a combination of two or more. They may be divided into 
two classes: (1) those caused by workers in the mines, (2) mechanical or 
manufacturer’s causes. The second cause will be discussed first. 


MisFirES CAusED BY Fautty DETONATORS 


The important part of an electric blasting cap, to the user where 
multiple shot-firing is done, as in the steep-pitch, thick-vein, anthracite 
mines, is the bridge wire. In single shot-firing this factor is not apparent, 
but in mines where multiple firing is done any variation in the resistance 
of the bridge wire, where full or even rated battery capacity is required, 
will most likely cause a misfire. The reason for this is obvious. If the © 
resistance in the bridge wires is not the same, some of the detonators 
will fire because of their greater comparative resistance. Variance in 
resistance of bridge wires is caused by a slight difference in the diameter 
of the bridge wire, also by a difference in the composition of the bridge 
wires. Again, where the bridge wires have become rusted, there will be a 
variance in resistance. 

About the year 1922, one of the large coal companies was greatly 
alarmed by the number of serious and fatal accidents caused by misfires. 
The general manager issued an order that these accidents must be greatly 
reduced, and if possible, entirely prevented. 

The officials at the mines had to determine the various causes of 
misfires and have them corrected. The rock contractors who use large — 
quantities of 60 to 80 per cent. explosives and do all firing electrically 
were thoroughly instructed as to the proper methods of doing their work, 
and closer supervision was given to their work. The manufacturer’s 
representatives stressed the importance of the use of galvanometers; 
accordingly these were purchased and used. Larger firing lines were 
installed under the supervision of a demonstrator of the company 
manufacturing the caps and explosives. However, misfires again 
occurred and it was evident that the source of the trouble was not wholly 
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resistance readings of circuit made on Wheatstone bridge; all shots : 


caused by the men at the mines. 1 2 
requested to run tests of their electric f 
included tests on firing rpabeces and instantaneous a 


line from firing battery i ick, wires, 105 tt. of No. 1 


Taste 1.—Tests of Electric Shot-firing Equipment 


Make} Firing] Resist- | - Shot No. (F = Fired; M = Missed) > —_ 
Test} Cap | of | Bat-| ance, . : 
No.| No. | Gap | tery | Ohms |1 2 3 4 5 6 7 8 9 10 11 12 13 14 1516 
4 bustointi Fal Bie elt Fe rye ley ; 
2 6 x M 11 FM UR MAF 
. Cap 2 in test 2 placed in hole 1 
3 6 x M 11 FO FMM Fok Cap 4 in test 2 placed in hole 3 
4 10 Y M 16:8 TE FOR OF UR OP ree 
5 | 15 1a M | 23.5 FFF FPF PF FPF FF MF F 
6 10 x M 16.5 |MMMMMMMM PP . , 
7 8 xX N 13.8 |M M M M M M M M 8 caps which missed in test 6 used q 
in Test 7 } 
8 8 x M 13.8 |F F F F F F F F 8caps which missed in Test 7 wn 
9 1 Yi M 1 (Fired through 12 ohms)—Fired 
10 1 va M 1-(Fired through 70 ohms)—Fired ‘ cs 
11 1 Y M 1 (Fired through 60 ohms)—Fired ie 
12 1 ie M 1 (Fired through 55 ohms)—Fired Pe 
13 1 Ex M 1 (Fired through 55 ohms)—Missed 
14 1 xX M ~ 1 (Fired through 50 ohms) 
15 1 xX M 1 (Fired through 45 ohms) 
16 1 $6 M 1 (Fired through 40 ohms)—Fired 
(new) 
17 1 6 M 1 (Fired through 75 ohms) 
18 1 Y M 1 (Fired through 70 ohms) y 
M 1 (Fired through 70 ohms)— Missed 
19 »:¢ M 1 (Fired through 65 ohms) 
M 1 (Fired through 55 ohms)—Fired 
20 1 xX Which failed once; shows 1.2 ohms; connections O. K. 
21 1 x M which failed twice; shows 1.14 ohms; connections O. K. 
22 1 ¥ M which failed in test 15; 13 holes; shows 1.08 ohms; O. K. 
23 L y N Fired at 15 ohms. 
24 i xi N Fired at 15 ohms. 
25 1 iv | N Fired at 16 ohms. ~ 
26 16 Vg Me 24.5 FORCE BREE eae RPE ahr ae en ery 
27 16 Nf M 24.5 BPR EO FREE FP era Urea re 
2 15 x M 24.5 PFE Fok Fy MF MRM SES here ee 
29 { 3 x M 13.8 |M MM (combination of X and Y 
5 V6 F F F F F caps.) 
30 3 x M F FF (these failed in test 29). 


2 Firing battery from mine in use 18 months. 


fired by one person. In this test two different types of firing batteries 
and also two different electric caps were used. The caps are called X 
and Y and the firing batteries, M and N. 

The deductions from the foregoing tests with electrical multiple 
shot-firing are that the M firing battery was more reliable than the N type. 
The tests also indicated that the Y detonators were more positive than 
the X type, which showed variance in resistance. 
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The manufacturers selling X detonators were at this time selling 
another electric blasting cap which did not have the same resistance in 
the bridge wire as its standard X detonator. When both types of 
detonators were used in one series of shots, misfires occurred. The 


- manufacturer disposing of these detonators certainly should have investi- 


gated the bridge wires rather than have the various mines get into trouble 


' through misfires. 


TABLE 2.—Tests with Detonators of Two Makes Together . 


Make | Firing) Resist- he Gh = ined» Afar Mi 
No kone Cap a6 Ohms |2 2 3 Ser Te goa 
= iit SPR XOLE ap oat FM mM 
3 | X1@ft) | M M MM 
32 2 X (8 ft.) F M (This test of 5 holes missed in test 3.) 
Si} KGa) OM Ree Re 
= Te VEX (Sift: M 
ate Gree 22 F 
34 4 |X (8 ft.) FF 
| x1 (4ft) | N FM 


Tests 31 to 34, given in Table 2, were made to show that in multiple 
firing detonators made by different firms should not be used in the same 
series, as misfires will occur through variations in resistance. Immedi- 
ately after these tests were made, the maker of X and X’ detonators 
removed all X’ caps. The best method in this respect is to have only 
one manufacturer’s exploders at an operation. 

After the introduction of delays in multiple shot-firing, until recently, 
the time fuses were cut and the exploder inserted on the fuse by the 
miners; caps were furnished in containers containing 25 caps. Complaint 
was received by many companies from coal consumers about caps being 
found in their coal bins. To prevent this, all delays were made at the 
factories of X and Y firms. Many more misfires occurred and further 
investigations followed. 

There were few complaints on the Y new type, but on the X new type 
complaints were made and sustained. It was found that the trouble 
was caused by the waterproofing compound seeping through about the 
cap and solidifying above the detonating compound. The electrical 
component and the fuse attached functioned, but the spark from the fuse 
did not get to the compound in the detonator. ‘This is another example 
of misfire due to manufacture. 


MIsFIRES FROM INSENSITIVE EXPLOSIVES 


Occasionally, misfires are caused through insensitiveness in permis- 
sible explosives. These explosives if kept in storage at the mines too 
long absorb moisture and become insensitive; and some shipments 


- explosives that would not fire at 4in.). The difficulties expe enced 
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ayes from He factories a short: time 
insensitiveness. The standard method of de 
of permissibles was used in making these tests. 
would not explode at 4 in. separation. (Separation tests wer ; 


the makers may not be fully realized by the writer} ‘ however; we as us 


thus exposing our miners to a hazard that is not the fault of the pati 
purchasing or the miners using the explosives. ~ 4c 
A detonator was shown recently of which the chief merit was said te Ait 
be that fewer misfires will occur with it than with other detonators, as 2 
this detonator has power enough to detonate insensitive powders. This a 
makes it rather evident that the manufacturer recognizes the fact of Pe: 
insensitive explosives. 3 


an 


MisFIRES FROM Man Causes AT THE MINES 


Our investigations regarding the human element in misfires showed 
that the lack of knowledge on the part of users related to: ’ 
1. Method of making proper connections; 
Method of supporting leading and leg wires; 
Use of wire of too small a gage; 
Improper turning of firing battery; 
Improper care of firing battery; 
Not cutting fuse as shown and instructed; 
Improper placement of fuse in detonators; 
Not reporting defective firing batteries; 
Shooting from the trolley wire. 
. Making Connections—Many of the miners in making connections 
on the leg and leading wires did not take sufficient time to make a proper 
connection; in fact, many connections are merely hooked, therefore the 
current generated by the firing battery is not conducted to the detonator 
and misfires result. The assistant foremen and firebosses while inspect- 
ing the working places can observe such defects and have them remedied. 
2. Supporting Wires.—Until recently, it was almost impossible to 
force the miners or rock contractors to support the wires properly, the 
usual custom being to drive nails in the legs or collars and wrap the lead- 
ing wires about the nails, thereby breaking the insulation on the wires 
and causing a ground. There might be 30 such supports on one firing 
wire. A method of avoiding this practice is to make supports in the 
mine shop from waste material. The miners spike them to the legs or 
collars, thus keeping the wires free from contacts. In rock work the 
contractor drills a 2-in. hole 4 in. deep at intervals of 20 to 25 ft. A 
wooden plug is driven into the hole and a support is attached to the plug. 


OOO Te oe ea 


T. D. THOMAS Di ae 


Misfires have been greatly reduced by this method and the miners soon 


realized its advantages in regard to their own safety. 


3. Wire Gage.—With the introduction of electrical shot-firing in 
the mines, No. 18 gage wire was generally used, regardless of distance’ 


or the number of holes to be fired. It was difficult to induce the miners 


to purchase other wire because it increased costs, which they claimed was 
a violation of the agreement. At one mine a rock contractor was having 
many missed holes, which retarded driving of the chute. He was also 
losing considerable money on missed holes. The officials at the mines 
finally convinced him that a larger gage and rubber-covered wire would 
reduce the trouble. After installation of the larger wire, using the same 
Y detonator and M battery, much better results were obtained. The 
success in this instance soon spread around the mines. The miners 
sent a committee to the superintendent with a request that he order the 
same type and size of firing wires for them, saying that they would 
gladly pay the additional cost. 

4. Turning Battery—For many years the miners had an idea that it 
was necessary to warm up the firing battery before giving it the final 
twist. Unfortunately, this procedure was frequently gone through, 
after all connections had been made. Sometimes, in a series of seven or 
eight shots, three holes were exploded and five holes would be reported 
as misfires. It required much argument to convince the miners that the 
proper method of twisting the battery is to get the generator up to its 
highest speed. 

5. Care of Battery—Improper care of firing batteries is the cause of 
many misfires. Frequently they are taken into the mines and left where 
they can absorb moisture and fine particles of dust, and their use is 
continued until misfires become too general. Themineralwaysblamesthe 
manufacturer for misfires, but insuch instances the detonators are always 
tested, and nine times out of ten the misfires are found to be caused by 
the miner. At many operations the miners are required to bring their 
firing batteries to the assistant foreman’s offices at the end of every shift, 
where they are kept in a dry, warm room overnight, when all the moisture 
absorbed by the battery during the day has been taken out. At these 
offices small testing devices have been installed. The test block consists 
of twelve 2.6-volt incandescent bulbs. If a miner complains that the 
battery is not firing up to capacity, the assistant foreman makes the test 
in his presence. If it is defective, a good battery isfurnished the miner 
and the other is sent to the electrical repair shop. 

6. Cutting Fuse —This cause of misfires has been eliminated by having 
the manufacturers make all delays complete at their factories. 

7. Placing Fuse.—This cause also has been eliminated in the same way. 

8. Reporting Defective Batteries—Miners fail, sometimes, to report 
defective firing batteries. To avoid defective installation some com- 


every six months to be thoroughly tested and have necessary 
9. Shooting from Trolley Wire—The foregoing causes led to 
“practice of shooting from the trolley wire, which caused a numbe 


fatal and serious accidents. This method of firing is greatly condemned _ 


by the U. S. Bureau of Mines. 


-Reeupations RecarDine MIsFIRES 


Misfires are reported by the miner in whose working place the misfire ; 


occurred to the assistant foreman, who records the misfire in a book 
kept for that purpose. A danger board is placed at the entrance of the 
chamber and no person is allowed to enter until the following day. 
The assistant foreman notifies the fireboss as to the locale of misfires, 
and the latter inspects them while making the morning inspection. No 
misfires may be drilled out. The rules specify this: ‘‘No shot that has 
missed fire shall be drilled out. Drill a new hole in such a manner that 
it will not come in contact with the explosives in the original hole. 
Second hole must be charged lightly.”’ ‘ 

Serious and fatal accidents have been caused by violating this rule. 
To avoid violating the rule the assistant foreman will deputize a reliable 
miner, if in doubt as to the reliability of the miners in whose chamber the 
misfire occurred, to see that the drilling of the new hole is done in com- 
pliance with the rules and regulations. The misfire when discharged 
is reported to the assistant foreman, who again records in the book 
the method of firing the misfire. The rule in reference to returning 
to a misfire is not the same as that adopted by the majority of mines 
using electric shot-firing devices, in which a reasonable amount of time 
is to elapse before returning to a misfire. The extension of the time to 
the following day was not so much because of fear of hang fires, but with 
the fixed purpose in mind of having the miners use more care in preparin 
their shots to avoid misfires. b 


FaTauitinrs RESULTING FROM MIsFIRES 


Following are some details of four serious accidents in anthracite 
mines resulting from misfires, arranged chronologically. 


Drilling Out a Shot 


Feb. 18, 1925.—A contract miner, working in a breast, was fatally 
injured by an explosion of a permissible dynamite which he was drilling out 
of a missed hole. The hole was one of four which he and his buddy had 
charged on Feb. 10. Only one had exploded, leaving three missed holes 
in the face of the breast. An investigation as to the cause of the accident 
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was made by the State Mine Inspector, district superintendent, colliery 
superintendent, foreman and company mine inspector. It was noted 
that four holes had been drilled, one being 2 ft. from the west pillar, and 
one 4 ft. from the west pillar; the other two were drilled relatively in the 
same points from the east pillar. The only hole that detonated was that 
4 ft. from the west pillar, which was not a successful shot, being more like 
a blow-out shot. 

The question naturally arose: Why three missed holes out of four at 
one face? In order to answer this question several determinations were 
made, as follows: 

~ 1. Was a firing battery of sufficient capacity furnished? 

Answer: The battery used by the miner was a 50-hole type owned 
by a rock contractor and was in good condition and capable of detonating 
4 holes. 

2. Was all material used in blasting suitable for the work? 

Answer: At this place were eight time fuses, which were all, by electri- 
cal test, found to be satisfactory as each was fired with a small firing 
battery. A box containing 50 time-exploders was obtained from the 
supply and tested as follows: 

Test No. 

1 time fuse, end not cut, fired, did not flash at end. 

1 time fuse, end cut, fired, did flash at end. 

1 time fuse, end not cut, fired, small fiash at end. 
Battery through rheostat capable of firing 10 holes. 

1 time fuse, end not cut, fired, did not flash. 

. 5 time fuse, ends not cut, all fired, but only one flashed. 
8 time fuse, ends not cut, all fired, but only one flashed. 

The significance of this list shows that while the material furnished 
is good it will not perform the work unless the ends on the delay fuses are 
cut squarely, not slanted, so that the powder flash will be in close contact 
with the fulminate in the cap. 

3. How then can missed holes be caused when materials are good? 

Answer: Careless handling, which may be divided into five causes: 

(a) Injuring Leg Wires.—On certain instantaneous detonators there 
are two wires known as legs, soldered to a small platinum wire, set within 
the fulminate, above which is placed a composition to hold the wires in 
place. The same construction is followed in delays, except that fulminate 
is eliminated and regular fuse is used, the powder in the fuse being ignited 
by the heat from the bridge wire; in both, however, care must be used 
in handling and especially while tamping, otherwise one or both wires 
may be broken or pulled out. In tamping, provided that the correct 
type of tamper is not used, the insulation on the wires may be torn 
and positive and negative wire come in contact, causing a short 
circuit. 
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tamper be made? . The nihaneies Oude eta re 
30): This will allow wooden tampers to be used. If ied 
other soft material i is used, the diameter at the face of a tamper 


backward to the handle affording siiioiene fcaveae for both ee vi 
and rounded to prevent the tearing of the insulation. Wires or I ; 
should be held in position in the groove while tamping. . ee 

(b) Improper Connections—Connections are frequently ot made 
and current is not conducted. 5 

(c) Wrapping Wires around N. ois —The wire is wrapped tightly 
about a nail; the insulation broken and a short circuit is produced. 

(d) Insufficient Battery Capacity—Miners generally leave a firing 
battery for long periods in moist places. This deteriorates considerably _ 
the capacity of the battery so that it will not produce sufficient currentto 
heat the bridge wire and thus causes a missed hole. 

(e) Deterioration of Explosives—Keeping explosives too long in dail 
places causes deterioration and will cause missed holes. (See General 
Rules, No. 26, sufficient for one day’s work.) aN. 

It has been shown by the seven tests that the material and electric ; 
detonators were good; test No. 4 showed firing battery to be right; the 
fact that the battery used by the miner is operated in shooting on rock 
gangway work by the rock contractor eliminates the question. The 
foreman and assistant foreman then put up new firing wires and attached . 
them to the shots; they tried to fire with a 20-hole battery and 50-hole 
battery but failed each time. 

These tests then will lead to but one solution, which is careless hand- 
ling, producing either a torn leg wire from the bridge or torn insulation 
from wire causing a short circuit, or ends not properly cut in fuses. 

As the holes missed fire, what should have been the procedure? 

Answer: The miners should report all missed holes to the level 
foreman, who will record the same in the report book and see that the 
place is fenced off. It evidently will be a policy of safety and produce 
an economy to have either the level foreman, assistant foreman, or some 
reliable miner enter the place with the miners to see that the shot is 
not withdrawn or the hole reopened. (See General Rules, No. 31.) 

The accident was avoidable had rule 31 been obeyed. 


Reopening Missed Holes 


A contract miner working in a chute was seriously injured and sent to 
the hospital, Aug. 17, 1926. He had a missed hole and instead of doing 
as the Mining Law (Article XII, Rule 31) directs, he endeavored to 
reopen the hole, with the result that the charge exploded and injured 
him about the face and hands. It was only because the coal is soft 
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8 (gob) that the man was not killed. This was the second accident of this 
nature within three weeks. It is evidently necessary to use some method 


to stop this practice of reopening missed holes. 
A contract miner working in the second crosscut was injured about the 


E face and hands by a shot which he detonated while drilling out a missed 
hole on March 9, 1928. He had drilled and charged two holes in the 


crosscut, using one instantaneous and one delay detonator, there being 
a short period between the firing of the shots. He knew that both holes 
did not fire. As he knew he had a missed hole he should have placed a 
danger board at the manway of the breast, then notified the level foreman, 
who would record the missed hole in the book kept for such purpose, and 
keep men from entering the place for 12 hr. The miner did not do so, 
but went up the breast shortly after the hole missed and commenced to 
reopen the hole. (see Article XI, rule 31.) Had the law in reference 
to missed holes been obeyed the accident could have been avoided. 


Drilling into a Hole 


A contract miner was seriously injured on April 6, 1927. From the 
evidence it appears that he drilled into a missed hole, not accidentally 
but deliberately, and in so doing ignited the explosive; the blasted coal 
hit him about the body. He was taken to the hospital where his case 
was pronounced serious, but not likely to prove fatal. The method used 
by the miner was to start a hole about 18 in. from the missed hole, 
directed to intersect the missed hole about 24 in. from the mouth. This 
was in violation of allinstructionsand good judgment. It evidently seems 
necessary that all laws pertaining to missed holes should be complied with 


> and, in addition, that no missed hole be touched except under the direc- 


tion of an assistant foreman or a competent deputy foreman. 


(For discussion of this paper, see page 237.) 


By W. . Forses,* GRANT on w. cies 


(New York Meeting, February, 1929) 
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As permissible explosives and electric detonators are now generally : 
recognized as the only safe means of blasting in coal mines, this Les a 
is limited to their use. ; . a 


Causes OF MISFIRES 


There are many different causes of misfires, but the principal ones 
are as follows: 

1. Explosives which have deteriorated through improper storage ether 
at the storage magazine, the distributing magazine, or at the work- 
ing face. This is not only true of the explosive itself, but also of its 
detonating agent. 

2. Improper priming and charging at the working face. This com- 
monly occurs when the explosives are handled by inexperienced persons. 

3. Improper methods of tamping; the leg wires of the detonator may 
be abraded or broken by the tamping bar or stick, thereby causing a 
short or broken circuit. 


4. Faulty leading wire, or electrical apparatus of insufficient strength : 


to explode the detonator. 


PREVENTION OF MISFIRES 


Storage is an important factor, especially with permissibles of a 
nitrate or ammonia base. Both explosives and detonators should be 
stored in substantially built, fire-resisting magazines and should be 
situated so that the minimum amount of moisture and heat is present. 
They should be so constructed that a constant supply of fresh air enters; 
the floor of the magazine should be raised to permit the circulation of air 
under the stored explosives. Boxes should be stored top side up and in 
such a manner that the old explosives are used before those of a later 
delivery. This eliminates chance of deterioration from lengthy storage. 
Detonators should be similarly handled and stored. 

The distributing magazine stock should be regulated so that not more 
than one day’s supply is on hand. 
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No shot-firer or miner should be permitted to take inside more than is 
necessary for one day’s work. While in the mine it should be stored in 
dry containers, placed in special cubby holes or boxes. If for any reason 
the supply taken into the mine has not been used, it should be returned 
to the magazine at the end of the shift. This also applies to detonators. 


* 

4 

fs 
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j Proper METHODS oF PRIMING 
q 


Although there has been some controversy regarding the correct 
method of placing the detonator, all leading manufacturers of explosives 
agree that the best results are obtained when the detonator is placed to 
a point toward the bulk of the charge. This can be accomplished by 
_- placing the detonator in the first cartridge entering the hole, with the 
detonator pointing to the mouth of the hole, or by placing the detonator 
in the last cartridge entering the hole, with the detonator pointing toward 
the back of the hole. 

Several methods are used in priming cartridges, the most common 
being that of placing the detonator in the end of the cartridge and making 
its position secure by looping the leg wires of the detonators around the 
cartridge or threading them through the cartridge. 


CHARGING 


The following practical rules should be observed in charging 
shot-holes: 

1. None but competent and experienced shot-firers should be per- 
mitted to carry and handle detonators, and charge or fire shots. 

2. Before any explosives are charged into a bore-hole, all dust or 
drillings must be removed from the hole. 

3. When placing a charge of explosives in a hole care should be taken 
not to abrade or kink the leg wires of the detonator. 

4, An explosive charge, regardless of the number of cartridges used, 
should be pushed gently to the back of the hole, all at one time. Avoid 
force. Press firmly with a wooden tamping bar and tamp solidly to 
the collar of the hole. 

5. Part of a cartridge should be placed on the opposite end of the 
charge from the primer with the closed end of this part cartridge next 
to the full cartridge; in other words, the open end of the part cartridge 
which may have absorbed moisture should either be placed against the 
coal at the back of the hole or against the stemming, to avoid any 
possibility of the part stick interfering with complete detonation if it has 
become insensitive through absorption of moisture. 

6. Damp clay or earth, moist sand or rock dust should be used for 
stemming, never coal dust or rock chips. Care should again be taken 
not to kink the leg wires. 


a Be sure that all wire ‘ends th ri 
hits ay ag clean. => 


aii ‘Care should be eee of the SROnR eet of ie leg wires 
leading wires. A battery or electrical device of sufficient stren 
(permissible type) should be used. This is important, because na 
misfires are the result of batteries of insufficient strength. 


EXPERIENCE AT FEDERAL MINES © FER ce: 
' At Federal mines 1 and 3 of the New England Fuel & Transportation — a 
Co. at Grant Town and Everettville, W. Va., approximately 1400 shots Ss Der 
are fired daily; but few misfires have opr and these were traceable me 4 
to the causes mentioned. When tetryl No. 6 electric blasting caps were “Tae 
used not a single complaint was registered, but when fulminate caps were Riss 
used numerous complaints of misfires immediately came to our attention. 4 

Although it is true that a few of the misfires were not traceable to 
defects in the fulminate type of electric blasting cap, our own experience 
leads the writer to believe that the tetryl type is superior and more 
reliable than the fulminate type. This statement may make it appear 
that the writer is partial to the tetryl type of electric blasting cap, and 
while this may be true, this conclusion was arrived at not only from our 
experience in connection with the use of both types over a considerable 
period, but also from comparative tests which the writer had conducted 
on the surface. 

It has been the writer’s experience that little or no consideration is 
given to the purchase of explosive supplies by many coal-mining officials. 
Price rather than quality is the major consideration—in other words, 
dollars and cents rather than execution and safety. If more officials 
would interest themselves enough to have comparative tests conducted, 
it is possible that more attention would be given to quality and safety 
than to price, 

The tests which the writer had conducted by the various makers of 
electric blasting caps were on relative strength and water-resisting 
qualities. There is the well-known lead-plate test, in which the strength 
of one is compared to the other by the shape and size of the perforation; 
in addition to this we carried on an insensitive powder test. 

In all tests the tetryl cap proved its superiority over the fulminate 
type. In these tests, 20 caps of each type, taken from the regular stock, 
were used. 

In the water-resisting tests, the caps were subjected to immersion in 
water 10 min. at 50 lb. pressure. All tetryl caps fired, but all fulminate 
caps failed. An additional test of tetryl caps immersed in water 30 min. 
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z under the same conditions all fired, but the fulminate type all failed 
again after having been immersed in water for a 10-min. period only. 


Although this may at first appear to have no bearing on misfires, 


_ what the writer is attempting to bring out is that there is less danger of 


misfires when the tetryl type is employed, especially when explosives may 
be slightly deteriorated by storage either at the magazine or inside 
the mine. 


HANDLING MISFIRES 


Some State mining laws specify how misfires are to be handled. The 
writer recommends these methods: 

1. Allow a period of at least 10 min. to rset from the last attempt 
to fire the shot before approaching the misfired hole. After disconnecting 
the leading wires from the battery, short-circuit the ends by twisting, 
then wind or reel the leading wire. On reaching the face, immediately 
disconnect the leading wires from the leg wires of the detonator. 

_ 2. By short-circuiting the ends of the leading cable and reeling it, 
possibility of a premature explosion from stray currents is eliminated. 

3. Do not permit any miner to drill out a misfired hole. To meet 
with the requirements of the State mining law and the company rules, we 
require the miner to drill another hole not less than 12 in. from the one 
that has misfired. This hole must be charged lightly and after firing, 
and when the coal is being loaded out, a careful watch is kept for the 
unexploded detonator and explosive. 

4, Do not permit a shot-firer or miner to use any detonator or explo- 
sive that has failed to explode in any other hole. The shot-firers should 
be required to keep a careful check of all misfires and report them to the 
officials in charge. 


Company RULES 


The New England Fuel & Transportation Co. has laid down the 
following rules for the handling of explosives: 

1. Explosives must be carried into the mine in proper containers 
(electrically nonconducting) and stored in cubby hole in the rib at least 
100 ft. from the face. 

2. Detonators must be carried into the mine in leather containers. 
These are locked before they are taken out of the supply magazine and 
must remain locked until the shot-firer reaches his section. 

3. All unused explosives and detonators must be returned to the 
magazine at the close of each shift, where the detonators are checked 
against the number of cap checks turned in by each shot-firer. 

4. None but experienced and competent shot-firers are allowed to 
handle detonators or charge and fire shots. 
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5. Bromine must use at least 100 ft. a scat 5 
out of direct line of shot. 


~ 


6. Not more than one shot may be fired atatime. of he a 


7. Shot-firers must see to it that holes are not bored on the s 
before charging them. 


8. Clay, earth, or rock dust must be used for stemming, to a 


from the explosives to the collar of the hole. 
9. Primers must be made by placing the detonator in the center sf 


the cartridge parallel to its length, and must be placed in the bore-hole so _ 


that the detonator is pointing toward the bulk of the explosive charge. 

10. When part of a cartridge is used in connection with one or more 
cartridges the open end must be placed against the coal at the back of the 
hole, or if the primer has been placed at the back of the hole the open end 
of the part cartridge must be placed against the stemming. 

11. Wooden tamping bars only must be used to tamp bore-holes. 

12. Permissible approved shot-firing devices only may be used to 
fire shots. 

13. Shot-firers must examine places for gas before and after each 
shot is fired. 

14.. Shot-firers must not fire a shot in any place until the roof, ribs, 
and floor have been thoroughly washed down between the face and the 
- rock-dusted area, or as far back as the hose will reach. 


15. Shot-firers must see to it that all places are properly posted, - 


including a ‘‘safety post,’”’ before shots are fired. 

16. Care should be taken to prevent the leading cable from coming 
in contact with rails, pipe lines, or mine cars when shots are being fired. 

17. Shot-firers must see to it that all persons are at a safe distance, 
and shall give proper warning twice—‘“‘Fire in the hole’’—before each 
shot is fired. 

18. All bug dust must be removed from undercut before shots 
are fired. “ 

19. Foremen and shot-firers must see to it that all new miners are 
provided with a copy of company shooting standards before they are 
permitted to start work. 


CONCLUSIONS 


Briefly, the writer would say that misfires would be few and far 
between if the following practices are carried out in connection with the 
handling of explosives and electric blasting caps. 


1. Have comparative test conducted by various explosive manu- — 


facturers. Purchase and use only explosives and detonators best adapted 
for the particular blasting. 

2. Provide proper storage magazines and see to it that the old stock 
is moved out and used before’ that of later deliveries. (Permissible 
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explosives and electric blasting caps are perishable goods and should be 
treated as such.) 
;, 3. Have detonators handled by experienced and competent. shot- 
; firers only. Similarily, all shots should be tamped and fired by shot- 
4 firers. (Blasting should be considered highly skilled labor, and should 
} be done by skilled workmen.) 
4, Provide suitable material for stemming at convenient places, and 
, eliminate the possibility that miners may use fine coal or slate chips, ete. 
5 5. Provide suitable leading cables and reliable shot-firing devices. 
; 6. Mine officials should be thoroughly acquainted with all phases of 
storing and handling explosives at their various operations. 

7. Maintain the same strict supervision in connection with the charg- 
ing and firing of shots that is usually given to other phases of mining. 

8. Prohibit the promiscuous storage of explosives and detonators 
underground by employees. 

9. As miners are employed, provide each of them with a copy of 
company shooting standards. (Diagram the place where holes should 
be drilled, and insist upon compliance with standards.) 

While in all probability our shooting standards and rules pertaining 
to the care and handling of explosives are not fully complied with, never- 
theless most satisfactory progress has been made since their adoption 
and not a single accident has occurred. 


(For discussion of this paper, see page 237.) 
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| Misfires i in Nonaueuallte Miniiet (Limestone) 


By A. W. Worrsineron,* PirrspureH, Pa. 


(New York Meeting, February, 1929) — 


Ir woutp be futile in this short discussion to attempt to cover. he 
subject of misfires with the thoroughness which it deserves. No effort is 
made to set forth a list of the many causes of misfires, nor to analyze the ar: 
various preventives and methods of treatment which are advocated by oe 
those who are most interested in promoting good practice. These 
details, as well as the fundamentals, have been rather fully covered in 

6 
many published articles based on years of experience in the manufacture 
and use of explosives and on research covering specific problems. We 
shall assume the knowledge of and familiarity with those many facts 
which have been proved beyond reasonable argument, and will discuss | 
the problem of misfires as it has actually been experienced in the oper- 
ation of the limestone quarries and underground mines of the Pittsburgh 
Limestone Co. and its associated companies, which produce fluxing stone 
for the furnaces of the United States Steel Corpn. in the Pittsburgh 
district. 

These opinions are based on data compiled from written peers at 
each of our operations, and they are concurred in by our assistant 
general manager in charge of operations, our safety director, and the 
superintendents at each of our plants, to whom we are indebted for 
assistance in gathering many of the data. Each of these men is not 
only interested in the subject but is fully capable of analyzing results 
obtained under his supervision. 

The entire subject of the proper storage and use of explosives, of whieh 
the problem of misfires is only a part, has been given a great deal of 
study. In this we have been aided by having the advantage of the , 
publications of the U. 8. Bureau of Mines. A number of the states have : 
also, more recently, given to quarrying and general mining methods the 
attention which they deserve. Their findings should prove of value to 
the operators. We feel, further, that operators particularly owe gratitude 
to the various manufacturers of explosives for their thorough and intelli- 
gent study of the many problems relating not only to the manufacture 
but to the use of explosives, and for their willingness and efforts to dis- 
seminate the results of their investigations. 
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IMPORTANCE oF Expricit RuLEs 


We believe it to be most important that the details of each type of 
operation be carefully considered to the end that the issuance of rules 
unnecessarily dogmatic in form or substance may be avoided. Such 
rules may have the advantage of being concise and may cover admirably 
certain conditions known intimately to their authors but taken literally 
they may in fact defeat their purpose by actually creating hazards in a 
type of operation differing, perhaps only slightly, from the one originally 
intended to be covered. The operators and their employees should 
neither be advised in written technical articles nor required by rule or 
regulation to comply with instructions which do not clearly define the 
field intended to be covered, and which have not been given the thought 
and care necessary to insure their being reasonable and applicable to that 
entire field. We realize the difficulty of avoiding inconsistencies, but we 
believe that their elimination is essential in order that experienced 
men who are actually engaged in the use of explosives shall not be con- 
fronted with the necessity of willfully breaking a rule which they know, 
if complied with, would add to the hazards of their work. Such a pro- 
cedure can only lead to loss of confidence by these men in the rules and in 
the agency that created them—whether that agency be their employer, 
the manufacturer of explosives, or a state or federal bureau. 

The writer has in mind many such rules, some of them having grown 
out of coal-mining practices; others appear to have been compiled after 
only casual thought, but with the sincere intent to prevent some par- 
ticular bad practice. In the solving of the problem of misfires as well as 
of other dangers incident to the use of dynamite, the writer believes that 
this subject is so important that a few examples will be mentioned. An 
amusing one, but one having nothing to do with misfires, was related by 
another quarry operator. He claimed that the regulations of the state in 
which his plant was located provided that as a warning before each blast, 
‘“ A steam whistle shall be blown,” and that aninspector, quoting this word- 
ing, refused to allow the use of an electric siren. This is an extreme 
case and indicates, perhaps, poor judgment on the part of the inspec- 
tor, but it shows just as clearly that little thought was given to the 
original phraseology. 

A rule that is often printed and quoted and sometimes promulgated as 
a regulation is the one requiring, without alternatives, that in the event of 
a misfire, a second hole shall be drilled parallel to and not nearer than 2 ft. 
from the first. Under certain conditions, this may offer the best solution; 
for instance, where the stone surrounding the misfire is so shattered by 
near-by shots that the misfire is suspected but not definitely known, or 
where the shattered rock blocks access to the hole in which the misfire 
occurred. It is our opinion that this method of treating misfires is, in 
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any of our several types of limestone pporitiona: one of the most danger. ; - 


ous that we could pursue. In open quarry work the danger in drilling — 
the second hole near a churn-drill hole 50 to 100 ft. deep, or near an air- 


drill hole 15 to 50 ft. deep, becomes evident, particularly if the stone is _ 


seamy or likely to contain caves, or is a measure having its various ledges 
lying in a marked and perhaps varying dip. This danger becomes 
further increased if such holes have been sprung. In snake holes the 
method is practically impossible. It is true that in quoting this rule its 
advocates occasionally add the warning, “‘ After shooting the second hole, 
careful search should be made for dynamite and primers from the first 
hole, which may not have been detonated by the second blast.”” We 
contend, even though the second hole could be drilled in comparative 
safety, that rarely would the explosive in the first hole be detonated by 
the second one and anyone who has attempted to hunt for a live primer 
and a large quantity of explosive in a pile of broken stone, containing 
perhaps thousands of tons, would elect to choose almost any other method 
of remedying the misfire. To go to the other extreme, no one, we believe, 
would suggest drilling a second hole 2 ft. from a misfired block hole which 
had been drilled in the center of a 2 or 3-ft. block. In underground 
limestone mining, with six or eight converging face holes, some horizontal 
and some inclined, it again becomes dangerous to attempt to drill a hole 
near enough to one which has misfired to offer any chance of detonating 
the first by firing the second charge. If it is not detonated, it will either 
be thrown out into the room in the pile of broken stone, or will remain in 
the face in a mass of shattered rock, leaving conditions worse than before. 

Another rule often cited is the one specifying, ‘‘No hole shall be 
charged with more than one kind of explosive.” This we believe to be 


needlessly restrictive. It certainly can not be objectionable, and it is. 


often advisable to use a high-strength dynamite as a primer to shoot 
either black powder or dynamites of lower strength or of less sensitivity. 
If.the rule was intended to prohibit the use of a squib and black powder 
in firing a dynamite charge, it should not have been difficult to make the 
meaning clear. 

One further example of rules which we believe to have no place in the 
proper operating of limestone mines or quarries is that one providing, 
‘All holes shall be tamped to the collar of the hole.’’ Compliance is 
obviously unnecessary in deep primary holes in quarry operations. In 
the shallower holes in both quarries and mines, the use of more than 
an effective amount of stemming increases the liability of injury to or 
disturbance of the caps, wires, or fuse during the longer tamping opera- 
tion. If a misfire occurs, the existence of the excess oe creates a 
condition less favorable for remedial measures. 

In the effort to eliminate all of the ills incident to the use of explosives, 
the book which 30 years ago was to be found in every home under the 
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title of “The Family Doctor” should be remembered. It, too, pre- 


scribed definite remedies for every known ill, gave little consideration 


to changing conditions and attempted in a few words to replace the 
necessity of study and training in medicine and surgery. The avoidance 
of this unsound method of procedure is essential, as it undermines the 
fundamentals in the education of the men who are actually using the 
explosives and, after all, in this education lies the only hope of securing 
materially better practice. 


DESCRIPTION OF OPERATIONS 


In order that the findings from our experience may be of any value, 
it will be necessary to outline as briefly as possible the scope and type of 
our operations. They have been conducted over a period of more than 30 
years in 21 different limestone and dolomite properties in the western 
and central parts of Pennsylvania, in Maryland, and in the eastern portion 
of West Virginia. Five years ago we were producing stone at 10 quarries 
and 5 mines. As the result of development of the capacity of the most 
favorable properties, the company has been able gradually to reduce the 
number of plants, so that now only seven—four quarries and three 
mines—are being operated, without sacrifice of capacity. 

Of the quarries, one in western Pennsylvania, with a capacity of 
about 4000 gross tons in 8 hr., produces limestone from the Vanport 
vein, which is a practically horizontal measure about 20 ft. thick. Two 
faces are operated, due to variation in analysis, the top one being about 
15 ft. and the bottom one 5 ft. high. Some years ago, at a time when 
the entire face was shot in one blast, churn-drills were used in part but at 
present we are using air drills in each of the ledges. In primary shooting, 
114 by 8-in. gelatin dynamite and electric blasting caps are fired by 
220-volt, 60-cycle alternating current. From 50 to 200 holes are con- 
nected in parallel series, using No. 10 or 12 lead wires. Blasting caps 
and fuse are used in block-hole shooting at the power shovels. Clay is 
used as stemming in all holes. 

The other three open quarries, each having a capacity of about 
1200 tons in 8 hr., are in central Pennsylvania and the eastern part of 
West Virginia. In these the face varies from 50 to 100 ft. in height. 
The greater part of the primary drilling is done with churn drills, although 
tripod air drills are used to some extent. These three quarries at present 
are not equipped with crushing plants so that there is, consequently, 
a large amount of block-hole shooting required, the drilling being done 
with jackhammers and the holes shot by cap and fuse. In the churn- 
drill holes, gelatin dynamite is fired by either cordeau or electric blasting 
caps. Primary holes drilled with tripod air drills in one quarry are 
sprung and loaded with black powder; in the other two quarries, with 
quarry gelatin without springing. At one quarry a blasting machine 


used. ee loam and sand are ane ns ean ‘ aig 
In the three underground limestone mines in western Parnes 


with a daily capacity of 2000 to 4000 tons each, the operating methods — 


are so similar that it will be necessary to give only one outline. The 
limestone, practically horizontal, is approximately 20 ft. thick. 
Room and pillar mining is pursued with rooms about 40 ft. wide and 
pillars 20 ft..thick. There is left in place about 3 ft. of limestone as a 
roof and 1 ft. as floor, removing the 15-ft. face by angle shooting. In 
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the vertical face, three or four 114-in. holes are drilled horizontally, or — 


nearly so, in a vertical row along each side of the angular block to be 
removed. These holes converge to a vertical line at a depth of about 12 
ft. During the 5-year period covered by the data given later, we have 
used both gelatin and ammonia dynamites. In all of this primary 
shooting, electric blasting caps are fired either by blasting machine or 
by 220-volt, 60-cycle alternating current. The size of lead wires varies 
from No. 10 to No. 18 annunciator wire. For stemming, dummy car- 
tridges are prepared of ordinary wrapping paper and either fine limestone 
dust, obtained at the crusher, or clay. The stone is loaded, for the 
most part, by air shovels or electric shovels. On account of the necessity 
of continuing some hand loading and avoiding delays to the shovels, 
there is a considerable amount of block-hole shooting required. For 
this duty, electric blasting caps are used whenever, owing to dampness 
or other adverse conditions, the probability of a misfire would make the 
use of fuse inadvisable. 


NuMBER OF MISFIRES 


Bulletin 288, the latest publication of the U. S. Bureau of Mines 
covering quarry accidents in the United States (those for 1926) shows 
that there were, in 1700 quarries of all types during that year, a total of 
162 lost-time accidents per thousand 300-day workers and in limiting the 
types of these operations to limestone quarries, the rate is increased to 
200 per 1000. During that same year our companies were operating 
four limestone quarries and five limestone mines in which 1718 (800-day) 
workers were employed. Our lost-time accident rate was approximately 
40 per 1000, or about one-fifth of the rate for all limestone quarries in 
the United States. During that year we had but one lost-time accident 
caused by explosives; this gave a rate of 0.58 per 1000 workers, which 
is about one-thirteenth of the corresponding average rate for all lime- 
stone quarries in the United States. During the year 1928, with 1446 
(300-day) workers, our lost-time accident rate was only 10 per 1000 
workers. There were no accidents from the use of explosives. 

In the study of misfires it early becomes evident that there are few if 
any published data to indicate the number of misfires which occur in 
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various types of operations as compared to the number of holes fired. 
About five years ago we installed at each of our plants a system requiring 
daily reports from shooters, by which accurate record has been kept 
showing the position of all primary shots, total number of all holes, caps, 
feet of fuse and the pounds and strength of the explosives used. (These 
are reproduced as Figs. 1 and 2.) These report blanks provide space also 
for a description of all misfires and of the facts disclosed by the investi-. 
gation to determine their causes. 
From these reports, in an attempt to obtain fundamental data for 

this paper, a record has been compiled of all misfires during the operation 
of the four quarries and three mines which are active at the present time. 


TaBLe 1.—Frequency of Misfires 


5 Years—(1924—28 Incl.) 1 Year—1928 
he , Per 
antics Four Three Grand Four Three Grnuad Cent. 
Quarries Mines Total Quarries Mines 


(Total) | (Total) (Total) | (Total) Total 


Holes fired: 
COLAERIPs een, e cee oe ee a2 0 eda) 525 0 525 
Electric blasting caps... 286,734 | 1,159,545 | 1,446,279 54,245 326,122 380,367 
Cap and fuse..0c 066.5 - 2,084,973 370,988 | 2,455,961) 533,085 112,811 645,896 
RGN 1 ie al 2,372,819 | 1,530,533 | 3,908,352! 587,855 438,933 | 1,026,788 
Explosives used, lb....... 4,056,187 | 8,979,178 | 13,035,365) 699,710 1,743,450 | 2,443,160 
. % | Holes| &% | Holes| % | Holes| % | Holes} % | Holes 
Misfires (all types): | Holes| % 8 2 B B 
wae er per per per per per 
Ratio = Total holes fred | @ Mis- | @| Mis |@| Mis- | 4 Mis- a Mis- q Mis- 
otal misfires a g i 2 2 2 
5 fire S fire S fire eI re S re SI re 
Holes fired per misfire: 
COrdegus svar e e. earece i 2,142) (0 x 1) 1,112) O 0 x 0 
Electric blasting caps ..| 16] 17,920\/367| 3,160)383, 3,780) 1) 54,245) 93) 3,510) 94) 4,050 9 
Cap and fuse.......... 177| 11,780|}232) 1,600/409) 6,000, 20; 26,650' 22! 5,180; 42) 15,380} 212 
AVEFBEE. oes ccc ccs 194] 12,230/599} 2,560/793) 4,920) 21) 27,990/115| 3,820)136| 7,550) 72 
nite Lb. Lb. Lb. Tibet’ «be, Bb: Lb. 
Total lb. of explosives used Mis Mis Mis- Mise Ntis- Mice 
Total misfires fire fire fire fire fire fire 
i 
194| 20,900/599] 15,000|793} 16,400] 21) 33,300/115/ 15,200/136) 18,000) 12 
Average dynamite in each 
cap and fuse shot, lb.... 0.29 0.48 0.32 0.27 0.52 0.30 


ao | al ee SE EE eee EEE 
Last column indicates the better performance during 1928 by giving the percentage of increase in 
1928 grand totals over the grand totals of the preceding 4-year period, 1924-27. 
« Misfires—each attempt to fire one or more holes, resulting in failure to detonate all of the explosive 
in all of the holes is considered to be one misfire. With electric blasting caps or cordeau, each misfire 
may include one or more holes. With cap and fuse, each misfired hole is one misfire. 
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TABLE 2.—Number of Misfires and Their Causes 


5 Years peat 
| (1924-28 Incl.) | Ae 
Cause : 8 oy ! 8 b> 
us sdp | $3 | 2 | 388) 22 | 2 | Ba 
eet Beer se a a 
Cordeau: j 

Damaged cordeau (old stock)...... 1 0 1 0 0 0 0 
Total: holes: fired cs cinee «<< aide 1,112 0 1,112 525 0 525 525 


Electric blasting caps: 3 | 
Defective wiring in circuit (variou 

PAULUS). eee sts. oe clenge erels ts ate teos 11 113) 124) 1 26 27 36 
Defective electric blasting caps 

(manufacture): .-ca--s6aa-e t 1 114 115 0 35 35 31 
Defective blasting machine (mainte- | 

PIANC) occ cte cite Wadden ste ersteree 0 26 26 0 1 1 10 
Insensitive dynamite or weak caps. . 0 19 19 0 15 15 2 
Wet conditions at hole (dynamite 

OL OAPAN a Asc cst Somers tsteos: aie sohaie 0; 14 14 0 5 5 4 
Faulty operation of blasting ma- 

Chine... cichelsa the ae teens ate tees 0 8} 8 0 1 1 3 
Damaged leg wire (tamping)...... 0 3 3 0 0 0 1 
Detached portion of explosive re- 

maining undetonated, in cave | 

formation after firing churn-drill 

HOlOs Mee ecu ee settee Oteeaene 1 0 1] 0 0 0 0 
Unknown (probably defective wir- | | 

ING IOL CAS) ie avaysrsts ci cdshets eter chetstarsl4 3 70 73) 0 10 10 24 

Total number of misfires (electric 

blasting caps).............- 16 367 383 1 93 94 111 

Total holes fired with electric 

blasting CADA aceisiesro ste eee 286,734/1,159,545|1,446,279| 54,245 326,122, 380,367| 380,367 
Cap and fuse: 
Damp fuse (absorbed dampness too 

readily after loading)........... 0) 152) 152! 0) 3 3 65 
Damp fuse (absorbed dampness too | 

readily before loading).......... 1 Wa 18 0 8 8 4 
Wet fuse (sudden rains and melting 

BLOW) seks oes ale we ate sre evalsle DI 125 0) 125 15 0) 15 39 
Fuse cut by flying spawl from near- 

byshot.sdsccce nen ucateees Mei 18 27 45 1 5 6 16 
Fuse kinked—powder train broken 15} 0 15 0; 0) 0 5 
Insensitive dynamite or weak caps | 

(mantifsiotube)) jen 2 9 11 1 3 4 3 
Faulty crimping................. 9) 0 9) 0 0 ty) 3 
Defective blasting caps........... 0} 8 8 0 0 0 3 
Failure to light fuse.............. 0, 4 4 0 0 0 1 
Cap too near bottom of hole....... 3 0 3 3 0 3 0 
Drop of oil in powder train of fuse 

during manufacture............ 2 0 2| 0 0 0 1 
Powder train of fuse broken (manu- 

facturing). 7.cenc tee eee 1 0 Zl 0 0 O|- 0 
Cap pulled from charge by a too | 

large tamping stick............ 1| 0 1 0 0 0 0 
Unknown t.)1 aleleepterese aes . 0 15 15 0 3 3 5 

Total misfires—cap and fuse..... 177 232 409 20) 22 42 145 

Total holes fired with cap and fuse|2,084,973| 370,988/2,455,961 533,085) 112,811) 645,896] 645,896 


Last column shows the expectancy of total number of misfires from various causes, which would 


have ocourred in 1928, had the rate 


(Holes fired) 


(ilinGren) remained the same as was experienced during the 
preceding 4-year period (1924-1927, inol.) 
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These are all 5-year records, with the exception of those for one quarry 


_ and one mine, which are for only 2 years and 24 years respectively. At 


these seven plants during this 5-year period, there were fired approxi- 
mately 4,000,000 holes and 13,000,000 lb. of explosives. Table 1 is an 
analysis of these quantities to determine the frequency of misfires. 
Another study is made of the causes of all of the misfires occurring during 
this period and the grouping has been made in Table 2 to show the 
number of misfires from each cause. 


FREQUENCY OF MISFIRES 


It will be noted in Table 1 that there is a separation made between 
the totals of the four quarries and of the three mines, showing the number 
of holes fired in the quarries as 2,372,819 and in the three mines as 1,530,- 
533, or a grand total of 3,903,352 holes of all types. Further sub- 
divisions, according to methods of firing, show the following grand totals 
for number of holes fired: cordeau, 1112; electric blasting caps, 1,446,279; 
cap and fuse, 2,455,961. All of the holes fired with cordeau were, of 
course, in the quarries. Of the holes fired with electric blasting caps, 
80 per cent. were in the mines and of those fired by cap and fuse, 85 per 
cent. were in the quarries. Of the 13,035,365 lb. of explosives, 69 per 
cent. was used in the mines. 

During this 5-year period at seven plants, there occurred one misfire 
with cordeau, 383 with electric blasting caps, and 409 with cap and fuse, 
for a total of 793 misfires. From a comparison with the total number of 
holes fired by each method, we find that the frequency, as measured 
by the number of holes fired per misfire, is: cordeau, 1112; electric 
blasting caps, 3780; cap and fuse, 6000; weighted average, 4920 holes 
fired per misfire. Another comparison shows that one misfire occurred 
for each 16,400 lb. of explosives used. In the last four columns of Table 
1, similar data are given showing the performance at these same plants 
during the year 1928, in which there were 1,026,788 holes fired and 
2,443,160 Ib. of explosives used. A comparison of the records of 1928 
with the average of the preceding four years shows a considerably better 
performance during 1928. For cordeau, there were no misfires in 525 
holes; electric blasting caps, 4050 holes per misfire, or a gain of 9 per 
cent.; cap and fuse, 15,380 holes per misfire, or a gain of 212 per cent.; 
weighted average, 7550 holes per misfire, or a gain of 72 per cent. For 
each misfire experienced 18,000 lb. of explosives was used, or a gain of 
12 per cent. over the preceding 4-year period. 

In the preparation of these data, a misfire was considered as being 
each attempt to fire one or more holes resulting in the failure to detonate 
all of the explosive in all of the holes; with cordeau or electric blasting 
caps each misfire, therefore, may include one or more holes. With elec- 
tric blasting caps, it was usual, fortunately, that two or more adjoining 
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holes failed in each misfire. In most ‘shots a safer condition, and one x : tf 


more easily recognized and remedied, results when a series of such 


holes, rather than only one hole, misfires. In shooting with capandfuse, 


each misfired hole is considered as one misfire. . 
Because we have been able to find no similar data in the United 


States, it is difficult to be certain that our frequency ratios are good ones. — 


For the purposes of our own company, we can only compare the per- 
formances of the different plants. Inquiry was made of a number of 
other engineers and operators who, without any definite data to guide 
them, variously estimated the probable number of misfires in the fields 
familiar to them as 0.5 to 1.5 per cent. The lower percentage would 
represent, of course, one misfire for each 200 holes fired. This, when 
compared with our performance of 1928 of one misfire for each 7550 
holes, would seem to indicate that the estimates of these other engineers 
were undul¥ pessimistic. In The Colliery Guardian for Aug. 3, 1928, we 
find that similar computations have been made for the coal mines of 
England, Wales and Scotland during the year 1927. They show that 
in about 35,000,000 shots with electric blasting caps, there were nearly 
19,000 misfires, for a ratio of 1880 holes per misfire, and that in 13,000,000 
shots with cap and fuse there were about 7000 misfires, for a ratio of 
1841 holes per misfire. Table 1, for our limestone operations during the 
year 1928, shows that the number of holes per misfire for electric blasting 
caps was more than twice and for cap and fuse shots more than eight 
times the number obtained in Great Britain. It is realized that the 
conditions may be quite different and that we are not sufficiently familiar 
at this time. with the British method of making these calculations to 
draw a true comparison. We may, however, have offered a yardstick 
of some worth for future studies of the subject. 


CAUSES OF MISFIRES 


In this analysis (Table 2) are listed the various causes of all misfires 
experienced at four quarries and three mines during the 5-year period 
1924-28, inclusive. These causes and the number of misfires due to 
them have been further subdivided to show those which occurred in 
blasts fired by cordeau, electric blasting caps, and cap and fuse. The 
total number of holes of each type is also shown. A similar grouping is 
made for the misfires occurring during the year 1928. In column 8, 
there is shown our natural expectancy of the number of misfires due to 
each of the various causes had they continued at the same rate during 
1928 as was experienced during the preceding 4 years. 

It will be seen that with cordeau, the one misfire in 1112 holes during 
the 5-year period was due to the use of old stock. During February, 
after the preparation of Table 2, we experienced at one of the quarries 
another misfire in which one hole failed in a blast of 13 holes. Cordeau 
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was used in the holes and trunk line. The top portion of the missed hole 
was destroyed in the blast, so that it has not been possible to determine 
whether the failure was due to defective cordeau or to a poor connection. 

With electric caps, it will be noted that nine causes of misfires are 
listed. In the 5-year period, about 32 per cent. were due to various 
_ faults in the wiring of the circuit; 19 per cent. are grouped as unknown— 
the evidence, in most instances, having been destroyed by the firing of 
adjacent holes. It is probable that the majority of these were due to 
defective wiring or caps. The misfires ascribed to defective electric 
blasting caps or to insensitive dynamite or weak caps constitute, during 
the 5-year period 35 per cent., and during 1928, 53 per cent. of the total 
number of misfires, the remainder being due either to our own faulty 
workmanship or to causes unavoidable within a reasonable degree of 
precaution. Perhaps we should have assumed an even: greater per- 
centage of misfires to our workmanship, as in some of those attributed to 
defective caps it is possible that other causes were the true ones. For 
those shown as being insensitive dynamite or weak caps, we only know 
that the cap fired but did not detonate the explosive. The cap manu- 
facturer might rightly claim that the misfire was due to insensitive 
dynamite and, in turn, be met with the possibility of having furnished 
an occasional cap which was not of full strength. In the grouping of 
misfires due to each of these causes, our superintendents could only use 
their best judgment after considering all the attendant circumstances. 

In blasting with cap and fuse, 13 causes of misfires are shown. In 
the 5-year period, 72 per cent., and in 1928, 62 per cent. of all misfires in 
this method of shooting were attributed to either damp or wet fuse, and 
about 11 per cent. to the fuse being cut by flying spalls from a neighboring 
shot. Only about 5 per cent. is attributed to defective explosives. We 
have made the distinction between damp fuse and wet fuse; the former 
indicates cases in which a seemingly inconsiderable percentage of mois- 
ture, in either the air or stone, affected the burning of the fuse. During 
1928, we greatly reduced the number of misfires due to this cause by 
procuring a brand of fuse more impervious to moisture. 


MIsFIRES: TREATMENT ON OCCURRENCE 


In the preparation of these comments it was originally intended to 
submit an exhibit showing the various methods employed in treating 
misfires and the number of holes handled by each method during the 
5-year period. It was found, however, that such an analysis would be 
of little value without full knowledge of all of the circumstances attendant 
in each case. The study did disclose, however, that at least 70 per cent. 
of all misfires were handled without disturbing either the explosive or the 
stemming in the misfired holes. With electric blasting caps, it was 
possible in a large number of the shots to fire the holes that originally 
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and detonate the explosive by inserting a new primer on top of the 


stemming, or by using a mud cap. When the fuse was cut by a flying ~ | 
spall, the fuse was relighted if it was long enough for safety; if not, a new * 


primer or mud cap was used. 

In nearly every instance where it was not possible to handle the various 
types of misfires by the methods described, part of the stemming was 
removed by using compressed air, a copper auger or a wooden or copper 
spoon. A new primer was then inserted and fired. In underground 
mining, as well as in quarrying, it is our practice to insert a known amount 
of stemming in the holes in all primary shots. This information is of 
value if removal of part of the stemming is required, but we have practi- 
cally eliminated this necessity in underground mining by stemming only 
16 to 24 in. instead of to the collar of the hole. As a rule, a new primer 
inserted on top of this amount of stemming will fire the original charge. 

To the best of our knowledge, in the operation of 21 limestone mines 
and.quarries and in the production of about 100,000,000 tons of stone over 
a, period of more than 35 years, we have not experienced either a fatal or. 
a lost-time accident in the attempt to remedy a misfire. We know this, 
certainly, to be true the last 10 years, in which approximately 34,000,000 
tons of stone has been produced. 


IMPROVEMENTS IN PRACTICE , 


In the light of our experience, various changes have been made in our 
practice and additional precautions have been taken, all leading toward 
better performance in the minimizing of the number of misfires as follows: 

1. In one of the quarries, the average number of holes fired in each 
blast varies from 50 to 200 but sometimes reaches as many as 400. Better 
results have been obtained by firing with 220-volt alternating current, 
with the holes connected in parallel series, than with a blasting machine 
and a smaller number of holes in each shot. At that quarry during 
1928, there was only one misfire in 693 blasts in which 48,000 holes were 
fired; that one was due to defective wiring. 

2. In each of our underground mines, 300 to 500 holes are fired by 
electric blasting caps each day. If blasting machines are used, great care 
is exercised to avoid overloading the machine. In keeping the perma- 
nént lead wires advanced toward the working face as far as possible; 
the liability of defects of workmanship in the temporary wiring system 
is decreased. 

3. In wet conditions, if ammonia dynamites are used, a gelatin primer 
will assist in assuring detonation. With those conditions it is often 
advisable to use electric blasting caps instead of cap and fuse. In each 
of the three quarries where the stone is hand-broken, 500 to 700 block-hole 


wet Sa. 
failed, by correcting defective wiring. Most of the cap-and-fuse: misfires | 
were in block holes, so that as a rule it was possible to shatter the block — “4 


i 
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shots are fired per day, and even though these are divided into four differ- 
ent firing periods, it is obviously impracticable to use electric blasting caps; 


4. Care in the loading of the primer should be insisted upon. It is 
particularly necessary in the loading of block holes to prevent the tamping 
of a primer in which the cap is inserted in perhaps only a portion of a 
stick of dynamite. In primary holes, when practicable; a second car- 
tridge should be used as a cushion between the primer and the tamping 
stick. We have found it advantageous to use a rubber tip, made from 
old belting and attached with wooden pegs to the vamping stick, to 
prevent brooming or wear. one 

5. The loop method of making the primer is, sds a the Hin 
desirable one. We have found that it can with care and some difficulty 
be used with 1)4-in. gelatin dynamite, but with the more granular 
ammonia dynamites its use is less feasible, as the cartridge becomes torn 
and shapeless through punching the holes. With the latter dynamites, 
we are using the half-hitch method with the NEceseary care to avoid 
skinning the insulation on the leg wires. 

6. We have never experienced a premature explosion due to eay 
currents. Nevertheless, in the underground mines, the precaution is 
taken to short-circuit the lead wires at the firing station and to test them 
with a squib before making the final connections at the face. . The only 
similar case occurred in 1926 in one mine where one hole, of 19 loaded 
and connected in series, misfired during a severe thunderstorm. No lead 
wires had been connected to this series. Fortunately, at the approach 
of the storm the men had been notified to vacate all rooms in which holes 
had been loaded. 

7. Both the operator and the manufacturer have a serious responsi- 
bility in making the proper selection of the type of explosive to be used for 
a specified duty and in making certain of its quality upon receipt, as well 
as at shipment. Uniformity in this quality is particularly essential. We 
believe that most manufacturers realize and have accepted this respon- 
sibility, and in meeting it they have succeeded to an extraordinary degree; 
but this fact should not act to reduce the rigidity of the inspection and 
testing by the operator. 

8. After the receipt of explosives it is important that the operator 
exercise the greatest care to maintain a definite schedule of their use, 
so as to consume the oldest stock as soon as possible. In addition to the 
inspection of material as received, periodic tests are made to determine 
the average burning speed of fuse; all electric blasting caps are tested with 
a galvanometer before priming, a second time after they are connected 
in their circuit and a third time after the lead wires are connected.. The 
operator should rightfully insist that the resistance of the caps of any one 


- manufacturer be uniform within very small limits. By means of his 


first galvanometer test the operator is able to divide these caps further 
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into groups of more nearly equal resistance if he so desires, but this should 
not be necessary. 

9. In each of our plants, in addition to the usual safety committees 
and meetings of foremen, a blasters’ school in charge of the superintendent 
is maintained. He outlines, in monthly sessions, a definite course of 
instruction. and study and discusses with the blaster foreman and his 
subordinates such current practices as require commendation or criticism. 
In maintaining the interest in these schools and their value to the 
employees, we have had the advantage of addresses given by technical 
representatives of the manufacturers of explosives and by representatives 
of the Department of Labor and Industry of the State of Pennsylvania, 
which has supervision over the operation of quarries and of mines other 
than coal mines. This educational work has been of great value. 

10. No effort has been made to cover the multitude of causes leading 
to misfires and we have merely pointed out those precautions which 
have been found to be most often overlooked or considered as non- 
essential and costly. 


RECOMMENDED PRACTICE 


Our experience as outlined would indicate the following recommen- 
dations in connection with misfires: 

1. Select an intelligent and careful type of workman. Give him the 
advantage of competent supervision and of education in the technique 
of his tasks. 

2. Use explosives and accessories designed for and best suited to the 
duty to be imposed upon them. 

3. Establish a rigid and definite schedule of inspection of all explosives 
and accessories, both on their receipt and during their life. 

4. Require practical perfection in the fulfilment of the manufacturer’s 
obligations and responsibilities in furnishing these supplies; after their 
receipt, be equally particular in avoiding deterioration due to improper 
storage, age and misuse. 


5. Maintain a record of all shots in as complete a form as is practicable 


in order to know where improvement in practice is required. 

6. Do not issue rigid rules to cover the method of treating misfires 
on occurrence. The blaster foreman or other person in charge of the 
shooting should be thoroughly informed, by study and training, as to 
the various methods that have been ‘ana expedient to use in handling 
misfires. He should know, as well, the dangers that are most likely to be 
met in the practice of each of these methods under varying conditions. 
Misfires should be handled under the personal supervision of this man 
and then only after he has familiarized himself with the particular prob- 
lem in hand. If in doubt as to the safest method to pursue, he should 
request the approval of his superiors. In the event ofa difficult or partic- 


ee ee ee ee eS ee ee 
, bed * 


DISCUSSION 237 


ularly dangerous situation it may even be necessary to procure the 
assistance of technical advisors. 

7. In the making of rules, be convinced that one is actually required. 
Make certain that it reaches the real source of trouble and is entirely 
applicable to all employees and conditions likely to come within its scope. 
Use at least as much care and intelligence in formulating the rule as is 
expected of the employee in its observance. 

8. The fundamental facts governing the proper use of explosives are 
available to anyone interested in obtaining them. No doubt additional 
refinements and safeguards will be developed, yet there exists not so much 
the need for newer and more stringent rules as for the clarification of and 
greater familiarity with these basic principles. The ultimate responsi- 
bility for reducing to a minimum the hazards incident to the use of 
explosives lies almost entirely with the operator and his employees, and 
their success in discharging that responsibility will be measured by their 
intelligence, their knowledge and their cooperation. 


DISCUSSION 
(This discussion refers to the three preceding papers on misfires.) 


T. D. THomas.—A statement was made some time ago, and was repeated to me 
some weeks ago, that when X caps and Y caps and some other caps were put into 
water and put under 50 lb. pressure, the X caps and Y caps failed but the tetryl 
caps did not. It seemed a little peculiar to me. We tried the experiment and fired 
all three types. We made about 40 different tests on them. The tetryl caps were 
not any better than the other caps. 

The idea of the tetryl cap, as stated in my report, was that it would prevent 
missed holes when using insensitive powder. Many coal companies receive com- 
plaints from customers that caps are found in their coal. The present type of fulmi- 
nate cap if detonated will cause personal injury. ‘To use a more powerful cap will 
produce a corresponding bodily injury. Occasionally complaints are received that 
caps explode in stoves and furnaces; in such instances, the more powerful the cap, 
the greater the damage. I do not believe in increasing this hazard. 


§. P. Howrt1, Pittsburgh, Pa—Mr. Thomas’ point, I take it, is that the cure is 
to choose an explosive that is not quite so insensitive in preference to using a pre- 
sumedly stronger detonator. 


T. Marvin, Wilmington, Del.-—In instances of misfires which have occurred 
because of insensitive explosive, Mr. Worthington, have you checked up in any 
instance, or in several, to find out whether the explosive was insensitive because of 
storage or whether the explosive was fresh? 


A. W. Wortuineron.—There are few of those, if you refer to causes, shown on 
my Table 2 as ‘‘insensitive dynamite or weak caps.’ They are listed together. 
There is no way of telling, if the cap fires and the dynamite does not, which is at fault. 

Answering your question directly—in instances where the misfire might have been 
caused by insensitive dynamite, I do not know definitely in every instance whether 
it had recently been furnished by the manufacturer or had deteriorated while we had 
it. Realizing our own responsibility in that matter, we have tried at all times to 
avoid any chance of using old dynamite, so that there is but little possibility of that 
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having caused the misfires. It is 2 mistake to try © o figure ut 
nee explosives that are not fit to be used. ay iz 


S Spb Howstt. —When a cap goes off and does not fire the ee he 
is gone. I know of instances in which a metal-mine official recovered the expl 
from the bore-hole. They sent it to us at Pittsburgh. It was a gelatin dyn: 
With it they sent some gelatin dynamite that they knew to be fresh. They wanted 
comparative tests. These explosives were in rather small quantities. Some samples > iS 
were about one-half cartridge, or perhaps }4 lb. We could not, of course, make the . 
usual half-cartridge gap test, but we took a thin slice of the gelatin dynamite and 
placed it on the square end of a short oak stick. 

‘We took blasting caps and pointed them toward this explosive, so that when the 
épswent off, the bottom of the cap would be projected bullet-like. Much to our 
suprise we found that the cap would fire this dynamite even though samples were as 
me as 3 ft. away from it. 

We did, however, find a difference between the fresh gelatin dynamite and the 
Coaanite from the hole. The fresh dynamite was substantially more sensitive. 
This method may be utilized to determine whether or not the explosive recovered from 
the hole is or is not of adequate sensitiveness and thereby give information to admit 
deductions as to whether it may be the detonator or explosive that is at fault. 


C. S. Hurtsr, Wilmington, Del.—In regard to Mr. Thomas’ statements about 
the bridge wires of exactly the same resistance, it is a physical impossibility to have a 
bridge wires of identically the same resistance, but it is possible to weed them out by a : 
close testing within resistance limits, so that if the proper amount of current is properly 
applied, they all should go. The application of the current is important. The 
eurrent should not.be allowed to build up from zero in the blasting circuit. That is . 
the reason, for instance, that in the magnets on blasting machines they short-circuit ; 
the current during the stroke of the rack bar, so that the current is built up to full 
intensity by the time the rack bar reaches the end of its stroke and releases the <_ 
current into the blasting circuit. 

We have had series connections with 25-cycle current where misfires were 
apparently caused by the building-up effect between these cycles. For a long time 
we were under the impression that the minimum firing time between the application . 
of a current and the explosion of an electric cap was 0.014 sec.: Within the last 
year or so we have had much more elaborate experiments made and have found that 
with the more intense current the period of firing time is smaller. In fact, theoreti- 
cally, if a 60-cycle current were used, there should not be more than 1}4 amp. going 
through a series circuit. 

We made experiments with 20 caps in a series and very heavy current, but we 
got no misfires with the 60-cycle current, which would indicate that in the shorter 
period of the half cycle of a 60-cycle current, the lag in heating is sufficient to over- 
come any difficulty from the building-up effect of that source. 

In regard to what Mr. Worthington said, the conditions are so totally different 
between metal mining and non-metallic and coal mining, that one set of rules cannot 
be applicable to both. A number of metal mines that use water drills are successful 
in handling misfired shots. A jet is fixed on the water line, and with this jet and a 
— of wood they work out the tamping and put in a new primer. 

“The thing to remember is that the most dangerous action on dynamite is a grinding 
taibtiohi that is the most prolific source of trouble in handling misfires. 


CT. D. TxHomas.—What would you consider a fair variation in resistance of 
bridge wires? 
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-C. 8. Hurrer.—I do not know our factor of resistance variation. 


Memper.—I understand that our factor of resistance is to within 4 ohm now. 


- The old used to be 4 ohm. 


TxD. Tuomas.—I have a series of tests on that. I think I found that running 
from 2.06 up to 2.38 ohms. : 


C. 8. Hurter.—How long ago? 
T. D. Toomas.—In 1919. I think I have about 75 tests.. 
C. 8. Hurter.—The change has been made comparatively recently. 


T. D. THomas.—There were 30-ft. leg wires, No. 6 detonator. In that series we 
had 150 holes put in and 75 missed. 


S. P. Hownti.—I have a memorandum regarding Report of Investigation No. 
2384 by the U. 8. Bureau of Mines, ‘‘Failure of Center Holes in Blasting.’’ Were 
those that failed in the center? 


T. D. THomas.—No, they were not all in the center. 


C. 8. Hurrer.—Where it is practical to use it, there will be fewer misfires with 
parallel connections than with series connections where it is possible to use a 
power current. 


T. D. THomas.—This happened on our stripping work. ~ In our mines we fire series 
Y-10 blasting cap. 


C. 8. Hurrrr.—lIt is extremely difficult, in some instances, to use parallel con- 
nections in underground work; Mr. Worthington’s mine is an example. The tunnel 
people are going very largely to parallel connections with the power current in place 
of the series with or without the blasting machine. | 


T. D. THomas.—How many holes are they firing in those you speak of? 
C. 8S. Hurter.—From 18 to 36. 


A. W. Wortuineton.—We had that same trouble, Mr. Thomas, some years ago, 
with caps of varying resistances. In later years the process of manufacturing caps 
has been much improved. We have confirmed that by testing the caps before using 
them. As I remember it, the total normal resistance of our caps and leg wires is 1}4 
ohms.* We get caps varying about 14 ohm from this resistance. As a matter of fact, 
we would like to have them closer than that. One superintendent is so insistant. on 
uniform resistances that he makes a subdivision of the caps into groups, with less 
variation. He gets them down to half that tolerance—that is, 0.12 ohm either side 
of the normal. 


W. R. Cuepszy, State College, Pa.—I realize that cushioned blasting in coal 
mines has not been increasing rapidly, as we thought it would, but I wonder if anybody 
can give us his experience as to the relative number of misfires in cushion blasting as 
compared to the non-cushion or tightly packed explosives, : 


S. P. Howriu.—By cushion blasting, do you mean air space in front of the charge 
or loose stemming in front of the charge or air space around the charge? 


W. R. Cuzrpsry.—Most of the state laws prohibit an air space between the tamp- 
ing and powder. Consequently the only alternative under the Pennyslvania law is 
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- but it is common in firing permissible explosives in bituminous 


. ~~ <4 ’ : 
a ae ee : 


~ 


an air space between the bottom of the hole and the pov 
if the hole is of larger diameter than the stick, 

8. P. Howntn.—I cannot say regarding the air space at the ; 
air space around the cartridge, and certainly misfires are not frequen: ie hen t 
method is used. ead te 

R. V. Aczton, Miami, Okla—Our main trouble in the Tri-State zine and lead 
district was not so much misfires as it was premature explosions. Prior to Mr. 
Howell’s trip to the district two years ago, we had on the average of three or four — D te 
deaths a year from premature explosions. Mr. Howell spent from four to six weeks wn 
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Fig. 3—McLavuGuHuin-ANDERSON SHOT TUBE. 


with us. We had about 16 safety engineers working for the various companies and 
he went around with them and studied our whole situation. He made a complete 
report on his findings, with recommendations. We adopted the majority of the es 
and in the past two years we have had no deaths caused by premature explosions 
We use one preventive measure which may be new to you. Two men down thors 
both of them practical mining men, one the superintendent of a property and the 
other the foreman, developed what they call the McLaughlin-Anderson shot tube 
(Fig. 3). I cannot tell you this is a panacea for premature explosions; all I can 
is that we have never had a premature explosion when using this tubes a 


WA 
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This shot tube is a cylindrical tube of paraffined paper, or some other waterproofed 


_ paper, about 10 in. long and 13¢ in. dia. (Fig. 3). A wooden plug is inserted in one 


end of the tube. This plug has two holes, one for the fuse and one for the copper 
needle on the tamping bar. To place the powder in the shot tube, first thread the 
fuse through the hole in the wooden plug, then cap the fuse and put the capped fuse 
in the powder and the powder in the tube. Generally the fuse is threaded through 
the plug and the fuse is capped on the surface, all are then taken underground, 
where the powder is placed in the tubes as the “‘shots” are required. In this manner | 
the caps, or primers, are protected from the time they leave the cap box until they 
are fired; furthermore, each cap is checked, so that there are few caps found in our | 
muck piles. 

The amount of powder put in a hole depends on the depth and the burden of rock 
on the hole. In drifting, raising and sinking, from 7 to 15 sticks of powder are used 
to the hole. 

When shooting stope holes we “‘spring” them before blasting. Sometimes 100 lb. 
of powder is used in the stope hole after it has been chambered or sprung. We put in 
the stope holes about one-third of the charge, then the shot tube containing the 
detonator, then the rest of the powder, and then stem or tamp the hole with clay or 
fine dust. 

In drift holes we put in about three cartridges of powder, then the shot tube, and 
more powder on top. Since Mr. Howell’s visit, we have been using stemming 
or tamping in drift holes, something that has never been done before. We have been 
using these tubes in some of the mines for about three years and the cost of the tubes 


is very little. 


There is another type of shot tube, a straight paper shell, but this type does not 
have some of the advantages of the McLaughlin-Anderson tube. I believe this 
McLaughlin-Anderson tube has a dual advantage—it not only keeps the primer from 
coming in contact with the walls of the hole, because of the paper shell, but the copper 
ferrule on the tamping bar fits to the hole in the wooden plug and thus the “‘shot”’ 
can be guided past fissures into the bottom of the hole without danger of the ferrule 
coming into contact with the primer. 

We have had premature explosions with copper ferrules, copper shoes and copper 
pins. There is a question I wanted to ask after a while, regarding that. We are 
trying to keep all metal away from our powder and primers. The wooden plug does 
that. With the straight paper shell, the tamping bar goes into the powder, as before, 
and has another additional bad feature that it might cause a crimp in the fuse, which 
would not be likely with the McLaughlin-Anderson shot tube. 

All of these shots, as they call them down there, these tubes, with the fuse and 
primer in them, are made up on the surface and kept underground, ‘The shots are 
made up in one day’s supply at-a time. The tubes are purchased in 10,000 lots. In 
the last two years we have practically done away with the old system of every 
miner shooting his own round of holes. We have schools for the blasters, as we call 
them—not shot-firers. We get lecturers from powder companies to speak to them. 

I want to emphasize one of Mr. Worthington’s remarks. We have been doing 
this work for five years. We started out in 1923 with 29.7 days lost, through acci- 
dents, per 1000 shifts worked. In the first six months of 1928 we only lost 8.9 days 
due to accidents per 1000 days worked. Both figures are exclusive of fatalities. We 
have not used a rule book. We have no rules whatever, excepting those developed in 
our safety engineers’ meeting, where we decide that certain things are good and from 
which the engineers for the various companies go out and talk to their foremen and 
ground bosses about what we have decided. 

The reason for our lack of rules is just as Mr. Worthington said. Too often when 
one thing goes wrong, you think you have found the cure and make arule. You may 


= 7 er Ro Leer 


€ 


242 MISFIRES IN eS an 


cure only Epon of the trouble Be that pees 
accident prevention but in nearly any action of liv r 


Mae a the top of the pest wouldn’t ae 

FV Aguron.—Not necessarily. t 
2 p 7 ~ 

C. S. Hurrer.—Have you had much difficulty with cut-off holes in drifting’ : 


R. V. Acuron.—Some men think they get better breakage at the top, some at. the 
bottom and some in the center. That is, regardless of all information on the subject, 
men think as they will, and with that tube you can put the shot anywhere you wish. 


S. P. Howrniu.—The safety organization in the Tri-State zinc and lead ore produc- 
- ing district has been efficient during the last five years and anything I have done there 
was as a representative of the United States Bureau of Mines. We are always willing oe. 
to cooperate to the fullest extent with all agencies having to do with. accident pre- 
vention and mining. = 

This type of shot tube is particularly adapted to ragged holes or holes that have 
crevices opening into them. The difficulty in not using it arises from the fact that a 
primer of explosives is likely to become stuck in these crevices and cracks, and this has 
resulted in premature explosions. By reason of the rigidity given by these tubes, a 
special hole for the copper prong on one of them, and in the other the fact that this 
prong is held firmly between the stick of the explosive and the edge of the tube, permits 
those who put the primer in to “lead” it, as they say, into position, without losing it — 
in any of these by-ways. It is not, I think, proposed for use in holes that are smooth 
or good, as holes are in most types of mining. 


A. W. Wortuineton.—I gathered that your prematures were due to the fact that 
there were copper tips on the tamping bars. Was that necessary? Could you not 
use straight wood without metal tips? 


R. V. Aczron.—We tried to use a hardwood needle on the end of the tamping bar, 
but as Mr. Howell explained, we are troubled by little fissures. They may be any- 
where from }4 in. to 14 mile in diameter. If powder, the primer, or anything else 
gets into those holes the charge is lost, so when the powder is being loaded into a 
30-ft. hole which has been chambered to hold two boxes of powder, each stick of 
powder must be threaded on the tamping bar on the needle, put back in its place, 
and released with a twist of the wrist; then the primer must be put in. 


A. W. Worruineron.—We do the same thing but we use a wooden plug that acts 
in the same way as the metal one. 


_R. V. Acrron.—In our particular instance we have a hard flint, which will wear 
out a hardwood needle, or whatever you want to call it, in a great deal less time than 
it will the other, 


C. 8. Hurrer.—The point you bring out is that you use it in placing the powder, 
not in tamping it. 


R. V. Aceron.—We do not tamp with the metal. Has anybody made any tests 
on the differential between different geological formations, such as limestone and flint, 
and between shale and coal, to find whether there are stray currents sufficient to set 


off charges? We have han some very weird premature explosions that we could 
not explain at all. 


See ye ae eC 
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C. 8. Hurrer.—There have been a number of accidents in the Lake Superior Iron 


- Co. district from stray currents, and I think there were some in the Scranton district 


in the D. & H. 


S. Py Hownun. —There are some records of alleged stray currents in the bituminous 
district. However, it is current that sets off the electric detonator and a simple 
measure of voltage is hardly a fair criterion. I suggest that where stray currents 


_ are suspected or known to exist, proper test would be to connect the electric detonator, 


or preferably an electric squib because of its greater safety. I have received the 
impression from Mr. ‘Thomas that they actually did that in some cases. That proves 
beyond the shadow of a doubt that there is current adequate to set off the 
electric detonator. 


A. W. Worruineton.—Several times mention is made of state laws. Those 
governing coal mines have been in effect for a great many years. Now that other 
types of underground non-metallic mines are becoming more common, the states are 
taking cognizance of that fact and some of them are passing regulations. It is 
important that it be recognized that they are quite different and that metal mining 
differs from both. 

Mr. Forbes mentioned pressing the entire charge into place at one time. Perhaps 
that can be done in a coal mine, but not in a limestone quarry or mine. Putting the 
cap in the bottom of the charge has been advocated by Mr. Forbes. Our objection. 
to that in limestone mining is that there is more likelihood of damaging the leg wires 
orfuse. Also, putting it in the top seems to us a needless hazard, for if it is necessary 
to remove part of the stemming in order to fire a misfire, there is a needless disadvantage 
in having the cap in the top cartridge. That, in part, has led to the rule, ‘‘ Never 
remove stemming,” which is not at all the source of the trouble. 

A number of articles have been written as to the advantage of having a cap 
pointed toward the bulk of the charge. We can realize the advantage of having the 
cap parallel with the long axis of any one particular cartridge, and not pointing 
across it, but we have not been able to find that it makes any difference whatever in 
having the cap in the top cartridge as compared to having it in the third or fourth 
cartridge from the top. There may be 2 ft. of explosive on top of the primer and 4 ft. 
below it, with the cartridge pointing toward the greater bulk. 

Mr. Forbes and Mr. Thomas have as their standard method of handling misfires, 
in coal mining, the drilling of a second hole near the misfired one. As pointed out in 
our paper, we do not want to have that method set up as being meus a in limestone 
mining or quarrying, as the problems are entirely different. 


T. D. THomas.—In reference to stray current, we had, as I state in my report, 
found a difference in potential between the coal and the rock when we had all the 
switches in the mineral pulled out. Right above that section of our country there is 
a series of high-tension wires, and I have often wondered whether they might not have 
some leaky points. The big power plant is probably a mile away. 


§. P. HowEtu.—That was one of the alleged reasons for stray current in a certain 
bituminous mine in Western Pennsylvania. 

In reference to Mr. Worthington’s remarks regarding the position of the primer 
in the hole, no doubt Mr. Forbes will have a chance to explain why they use it. In 
bituminous coal mines, permissible explosives are used, and they may be a little on 
the insensitive side. Also, they are usually air-spaced around the cartridge and are 
used in very small quantities, 114 to 3 cartridges per charge, and are fired singly. 


Memper.—I spend considerable time hunting for stray currents. We do 
not have much trouble finding them even in mines where there is no electrical 
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machinery. In one place we found a current several times. It was discovered iar | 


that when the hoisting engineer was hoisting there was more current than we thought. 
One leg of the connection was made to the pipe line and one to the rail. Wherever 
there is any current, sometimes there would certainly be enough to fire an electric 
detonator. There is a hazard about shooting from a trolley line that should not be 
overlooked. If there is any gas in the place, or the place makes gas, there is a chance 
of an are from the end of the lead lines, because the wire cannot be disconnected from 
the trolley the instant the cap fires. I think there is no doubt that explosions have 
been started by having current on the lead lines at the time the coal was mee 
and gas was being liberated from the fresh broken coal. 


S. P. Howrtt.—That this is true, we know, I think, from a paper read before this 
Institute a few years ago by A. C. Watts, in which he shows photographs of the glow- 
ing legs of the electric detonator and blasting cable near the face of a room in a 
bituminous coal mine. 


J. H. Smrru, Wilmington, Del.—I feel it is advisable to inject a note of warning 
about the use of the Tri-State primer shell. It can be used with safety in that 
district, as the records have proved, but trouble and possibly accidents are likely to 
occur with its use in other districts where the method of blasting is different. The 
nature of the formations mined in the Tri-State are such that highly concentrated 
charges are necessary and, to bring this about, the bore-holes are chambered. Explo- 
sives which detonate at high velocity and which, therefore, are highly sensitive, 
are the most effective. In other districts where the rock is less brittle, slower acting 
explosives of much less sensitiveness, and used in unchambered bore-holes, are more 
effective. In using these slower acting explosives, especially of the permissible type, in 
unchambered bore-holes incomplete detonations are likely to occur, because of the 
presence of the wooden block in this primer shell. The primer as applied in the 
Tri-State is completely surrounded by the sensitive dynamite and the wooden block 
does not operate against complete detonation, but it can do this in an unchambered 
bore-hole when explosives of low sensitivity are used, especially if the primer is inserted 
into the bore-hole in a reverse position. 

A number of years ago I talked with a man in the Tri-State district who had lost a 
hand and a shin bone through a premature explosion. In answer to my question as to 
the cause of the accident, he said that his coworker had side-primed the primer. 
In other words, the coworker had placed the cap at an angle in the cartridge so that 
the working end of the cap impinged against the side of the bore-hole when the primer 
was pushed. home. This primer shell was devised to prevent this sort of thing. 


C. 8. Hurrrr.—lI regret that I must take a little exception to that. Do you know 
the cartridge of powder and stick of wood system in shooting? I have done that suc- 


cessfully with 30 per cent. ammonia dynamite. I think the permissible runs about . 


the same sensitiveness as a 80 per cent. ammonia. 


J. H. Smirn.—There will be a sensitiveness of 10 in. in a permissible powder 
whereas 30 per cent. will have a sensitiveness of 20 inches. 


C. S. Hurrsr.—l have never seen it so large as 20 in. in 30 per cent. ammonia 
dynamite. 


R. V. Aczton.—Let me emphasize the fact that I was merely telling you what 
we use; not recommending it for anyone else without thorough experimentation. I 
LL eee 
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was merely calling your attention to a novel development in the Tri-State district, 
making no recommendations at all. 


S. P. Howrtu.—Speaking as chairman of this Sub-Committee on the Use of 
Explosives, I want to say it is likely that the use of these shot tubes with permissible 
explosives would be quite improper because in adding it to the permissible explosive, 
you have changed the composition of the material you put into the bore-hole. The 
Bureau of Mines considers that the wrapper functions as an unmixed ingredient and 
has an effect not only on the temperature of explosion but also on the nature of the 
gaseous products of explosion, and might actually make the explosive non-permissible. 


J. H. Smiru.—The permissible type of explosive is supplanting gelatins to a great 
extent in limestone mining. 


8. P. Howrtu.—I presume so, but not because of their unique characteristic of 
having a flame of low temperature and lower duration; it is because of their unique 
strength characteristics. 


C. 8. Hurrer.—Mr. Smith refers to a series of explosives of the general type of the 
ammonia nitrate permissible explosive but stronger, designed for use where the low 
flame feature is not required. 


T. D. Tuomas.—It is necessary and desirable to have printed rules. We had an 
accident some time ago, and in Pennsylvania we have compensation laws. We 
prohibited the use of fuse at one of our operations. There was one miner who had a 
brother working in a cap factory where they made detonators. The miner decided he 
was not going to use electric firing batteries. We had all the hardware stores dis- 
continue the sale of squibs and caps, but he bought the fuse downtown. ‘They sold 
them to the farmers. He took a detonator, an instantaneous detonator, and cut it 
off a little above the fulminate of mercury, as he had been doing right along. This 
day his knife was not sharp enough. The fuse would not go into the little portion 
above the fulminate. He took a nail and commenced to round it out and got up to 
“Mr. Mike.” He lost four fingers. 

We took that case up before the compensation board. They asked us if we had 
rules and regulations governing that. We said ‘‘Yes.” They asked us if we had any 
rules governing the cutting of those exploders in half, so that a man would know what 
he was doing. We will evidently lose the case because we did not say, “‘A miner shall 
not cut an electric detonator in half and insert a fuse.” There is a value in rules, 


§. P. Howrtu.—May I ask, Mr. Thomas, does not the anthracite law of Penn- 
sylvania oblige the manufacturer of explosives to outline these rules and some vice- 
president or president of the company to sign it, and require that these rules must be 
promulgated by a responsible official of the company as well? 


T. D. Toomas.—They tell us that those rules are valueless. 


S. P. Howety.—I understand that a competent agency has said that the Legisla- 
ture of the State of Pennyslvania does not have authority to delegate its powers to the 
manufacturer of explosives or the operator to be binding upon the citizens of the 
state. There is a very important legal aspect involved. 


A. W. Worruineton.—Of course, coal-mine people have been through that years 
and years ago. In Pennyslvania, there is legislation governing, in detail, the oper- 
ation of coal mines. Three years ago, two sets of regulations were promulgated by 
the Department of Labor and Industry—one covering deep pits and open quarries and 
the other covering all mines other than coal mines. In cautioning against indis- 


one ito aria not % apes to oh effective i in every ee of seit Hae 4 
The other point as to rules was made in connection with the handling o: n 
There, I feel it is a mistake to prescribe a definite procedure,—whether le 
made by the state or employer, on account of the great variation in conditions. we 
cannot even make a fixed rule for one type of operation. = a 
In looking over our 1928 performance, there were 94 misfires, 7 plants, making 13 


per plant, or 1a month. It is not imposing a great task to put the responsibility ‘ok a 


the investigation of each particular misfire of one a month, occurring during the firing 
of an average of 18,000 lb. of explosives, directly on the blaster foreman, and to not 


allow any particular misfire to be handled either by the man originally responsible ., 


for it, or by anyone except the person best qualified and ultimately responsible a 
that plant. 


R. V. Acrton.—Regarding rules, all I wanted to say was that due to our opening 
conditions, and because the Producers’ Assn. office was merely a cooperation of about 
53 companies, not a single company under one manager, we did not get up a set of 
rules. However, there must be regulations and we are just attempting now to pass 
new laws regarding the separation of lead and zinc mine regulation from coal mine 
regulation. What I meant was merely that rules did not fit in with our particular 
work. 


R. N. Hoster, Harrisburg, Pa.—It has been said that ‘‘rules are made in order to 
be violated and that exceptions might be taken.” ‘There is a psychological effect to 
a code of rules from an educational standpoint that cannot be overlooked. I believe, 
therefore, that it is a good thing to have rules. I think Mr. Ageton has rules in the 
last analysis, according to my interpretation of rules, even though not printed. The 
very fact that they use that inversely in his district would indicate it. They have 
had a wonderful effect according to his own testimony. I believe that we cannot 
have too many rules, if for no other reason than their educational advantage. 


D. Harrineton, Washington, D. C.—Of all the points brought out today, the 
one that appeals to me as having really the most benefit from the viewpoint of pre- 
vention of accidents in connection with explosives is the matter of having a blasters’ 
school. I have been in and around mines for 30 years. I have yet to know a single 
mine where the persons doing the blasting in the mine have been given any sort of 
definite instruction. There, I think, is the keynote of many of the accidents that 
occur in connection with blasting in mines. 


R. N. Hoster.—Mr. Worthington has one plant listed in Maryland. Is it - 
quarry? 


A. W. Wortuincton.—It is a quarry, but not in operation. It is called ‘“‘Key- 
stone Limestone Co.” 


J. J. Rurtepex, Baltimore, Md.—Mr. Worthington brought out the conflict 
between two different sorts of mining. We have just had some hearings in our state 
on regulations, supplementing our statute law. We have obtained some valuable 
information through some of the remarks made by Mr. Hosler and Mr. Thomas. 
Utah, Wisconsin and Maryland, and perhaps California, can supplement their statute 
laws with regulations without going to their legislatures. I recommend that to you 
as practically what Mr. Ageton has done out in the Tri-State region. 


B. F. Trxuson, Franklin, N. J.—In one mine, for several years instruction in 
loading holes and the sequence of firing and standard rounds has been given. The 
practice is to install in the mine rescue-training building a model of a heading, in which 
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iron or steel pipes represent the holes. Such pipes are mounted horizontally‘in a 


plank partition to represent the face of a drift, and are also vertically mounted to 


represent the holes in a raise. The men are instructed in the proper method of 
loading dummy cartridges in the holes and priming them, and also go through a 
demonstration as to their sequence of ignition with the fuses of proper length. 

Until the preprint of Mr. Thomas’ paper came to my attention, I had never heard 
of tetryl as a detonating agent. I would be interested in receiving more technical 
data as to the particular properties of any new detonating substance, the conditions 
under which it is desirable to use it, as to whether the wave of detonation could be 
transmitted a greater distance through inert materials, with possibly the increased 
power or rate of detonation of this new material, or whether, for instance, it permitted 
equal security from No. 6 exploder, as people were prone to desire with No. 8 (although 
my personal experience years ago in testing one against the other was that No. 8 did 
not have the advantage it was supposed to have in actual practice). 

I do not desire to discredit any of the statistics in regard to misfires, but I recently 
had an experience which I would not have thought possible if I had not experienced 
it myself. I wonder whether we have not blamed misfires for accidents that were 
not primarily the cause of misfires, and I say that because of this experience: Two men 
were firing a round in a drift. The ground was secure as far as they knew in the drill- 
ing operation when they started to fire. They went back after firing the cut. They 
were too seriously injured for me to learn much from their own lips. One man said 
they had not used a bar in trimming the ground after they had gone back, and just 
as they were ready to light the holes, there was a fall of back which crushed both of 
them. If that fall of back had been delayed 30 seconds, we would probably have 
charged that serious accident to a misfire of some description. It occurred just before 
the holes in the next round had been ignited. 


D. Harrineron, (written discussion).—These papers brought attention to a con- 
siderable number of interesting facts and factors not only in connection with their 
exact subject matter but also in connection with blasting practice in general as 
applied to mines other than metal mines. 

Mr. Worthington’s paper performed a useful service in bringing out the fallacy of 
trying to force on one branch of the mining industry rules and regulations, even laws, 
taken from experience in another branch of the industry in which the underlying con- 
ditions may be wholly different. There is no question that to require the drilling of 
a parallel hole in case of misfire in quarrying would in many instances lead to disaster, 
although the parallel hole practice probably is reasonably safe in coal mining. 

The detailed data presented by Mr. Worthington in tabulated form over a 5-year 
period (1924 to 1928, inclusive), as well as the separate data for 1928, contain infor- 
mation not only as to misfires but also as to other details of blasting that is seldom 
available in any kind of mine office—coal, metal or non-metallic. Certainly it is 
exceptional to have details on the firing of approximately 4,000,000 blasting holes; and 
that it pays to keep the records and take suitable action on data secured from a study 
of those records is shown by the fact that the lost-time accident rate of the limestone 
quarries involved was but one-fifth of the rate for all limestone quarries of the United 
States. It is also remarkable to learn that with fourteen hundred forty-six 300- 
day workers in these quarries in 1928, there were no accidents from explosives. 

The information in Table 12 compiled by Mr. Worthington, showing that the 
number of holes shot per misfire in 1928, was but 4050 with electric detonators as 
against 15,380 with ordinary running fuse and detonators, makes those of us who are 
ardent advocates of electric blasting ‘“‘sit up and take notice.” It is surprising to 
learn that, according to the figures for 1924 to 1928, misfires are likely to occur nearly 


2 See p. 229. 
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twice as frequently with electrical blasting as with running fuse and detonators. The x 


of course can be guarded against by carefulness on the part of the shooters) and defec- 


tive electrical detonators, which are more difficult to guard against. A number of 


misfires were found to be due to defective electric blasting machines, and this cause 


seems to be sufficiently serious to demand some fundamental alteration in blasting 


machine design. With fuse and “caps,” nearly two-thirds of the misfires were held 
due to dampness in some manner; in general this can be remedied by additional care 
in the storage of fuse and in the methods employed in the placing of the fuse and 
detonator in the blasting hole. ; 

Mr. Worthington’s discussion on the treatment of misfires and improvements 
made in blasting practice can be read with profit by all persons who are interested in 
the use of explosives for blasting in any kind of mine. His statement that there have 
been no accidents (fatal or lost-time) in attempting to remedy a misfire in 35 years’ 
operation of 21 limestone mines and quarries with production of 100,000,000 tons of 
stone shows that the methods used can not be far wrong. His recommended practice 
for blasting is well worth the study of mining men. In particular every mining 
company operating in the United States, whether in coal, metal or non-metallic 
mining, should take an interest in the possible establishment and maintenance of a 
blasters’ school such as described briefly by Mr. Worthington; the present-day 
practice in general is virtually to ‘‘pitchfork” the miner or shooter into his work and 
let him sink or swim as to what he does or does not do in the blasting-down of 
material mined. At any rate, there is on record no case, in so far as my information 
goes, where the mining company has actually taken the time and trouble to 
assemble its employees engaged in blasting to instruct them in safe, efficient methods 
of blasting; in a relatively few cases a few rules are formulated, but usually these 
rules are but skeletonized instructions which mean little or nothing in educating the 
user of explosives in correct blasting practice. If this symposium of papers on 
misfires brought forward nothing but the idea of the blasters’ school, the papers would 
have far more than repaid all of the effort attached to their preparation, delivery and 
discussion. 

The papers by Messrs. Forbes and Thomas on misfires in bituminous and anthra- 
_ cite blasting parallel each other in a number of essential features; both advocate the 
use of electrical blasting in coal mining and both give definitely good reasons for this 
advocacy; both recommend that in case of misfire if it is found impracticable to fire the 
missed hole, the best practice is to drill and fire a parallel hole. Mr. Forbes’ 19 rules 
for handling explosives are in general very good, though some of us are decidedly 
opposed to blasting of any kind in any mine while the general working shift is in the 
mine. Mr. Forbes’ ‘Conclusions’ also are to the point, and in particular conclusion 
No. 7—‘‘ Maintain the same strict supervision in connection with the charging and 
firing of shots that is usually given to other phases of mining.” In general there is 
so nearly no supervision over blasting that it can almost be said that blasting practice 
in mines is very much like Topsy in Uncle Tom’s Cabin. 

Mr. Thomas’ paper on misfires in anthracite coal mines shows that at least some 
of the anthracite companies are alive to the necessity of trying to reduce the admittedly 
excessive accident rate from explosives in anthracite mining. The use of electric 
blasting is certainly a step in the right direction, and the details which Mr. Thomas 
supplies concerning difficulties in connection with electrical blasting show that elec- 
trical blasting has numerous weaknesses which must be guarded against if this 
relatively safe method of coal-mine blasting is to be kept reasonably safe and 
efficient. ; 

It is indeed time to call attention to defects in the detonators as received from the 
manufacturer; to indicate the numerous methods by which the present-day blasting 


causes of misfires with electrical blasting appear to be chiefly defective wirit (which x 
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Hindered-setting Classification of Feed to Coal-washi 
Tables* 


By B. M. Brrp{ ann H. F. Yancey,{ Szartiz, Wass. 


(New York Meeting, February, 1928) 


Durine the past four years the experimental work in roi washing 
carried on by the U. 8S. Bureau of Mines and the University of Washing- 
ton has been devoted mainly to the development of special methods for 
the tabling of fine sizes of coals that are difficult to wash. One important 
outgrowth of this investigation has been the application of hindered- 
settling classification to coal tabling. 


Although used for many years in ore dressing, the term “ classifica- ‘ 


tion” as used here may be new to many readers. It may be defined as 
the separation obtained when a bed of particles is held in a uniform state 
of suspension in an upward current of water, either continuous or pul- 
sating, just sufficiently strong to keep the bed in a mobile condition. A 
common example of this type of separation is a jig in which there is no 
suction stroke. When the hindered-settling classifier is used with the 
coal-washing table, the fine-size raw coal, instead of being fed direct to 
tables, as is the prevailing practice, is first fed to the classifier and 
grouped, according to the rate of settling against the upward current 


of water, into perhaps six separate products. After dewatering, each | 


of these except the sixth, a refuse product, is elevated to a seperate feed 
bin and washed on a separate table. 

This paper gives a brief discussion of the basis for the use of hindered- 
settling classification of a table feed; a description of the experimental 
work; a comparison of the results obtained with and without classifica- 
tion; and a discussion of the application of the classifier in commercial 
coal washing. 


Basis For Usr or HINDERED-SETTLING CLASSIFICATION OF TABLE FERED 


Although theoretical reasoning might be used to justify treating a 
table feed by hindered-settling classification,! the simplest method of 
demonstrating the need of such a step before tabling is to show the 


* Published by the permission of the Director, U. 8. Bureau of Mines. 
} Supervising Engineer, U. S. Bureau of Mines. 
t Associate Chemist, U. S. Bureau of Mines. 
tA Ve Fahrenwald: The Theory of Stratification and Its Application in Ore- 
dressing. Min. & Met. (1926) 7, 422; also many other papers. 
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rom submitting.to float-and-sink and screen-sizing 
— ) ft. zonal samples from a table treating raw coal through 3¢ 
n 20 mesh. ; 


and o 
a TaBLe 1.—Normal Sizing Action of a Coal-washing Table 
Percentage Weights Are in Terms of the Total Quantity of the Given Specific 
oc ; Gravity Found in the Feed. The Average Diameters of Particles Were 
., : Calculated from Screen Tests . 


“Coal” “Light Bone” “Heavy Bone”’ “Refuse” 


Broductenp ces cee under 1.38 1.38 to 1.50 1.50 to 1.70 over 1.70 
Sp. Gr, Sp. Gr. Sp. Gr. Sp. Gr, 
Ee . Per Cent. of Feed... 57.3 17.4 10.7 14.6 
g : | wt. Ay. wt. Ay. Wt. Ay. Wt. Ay. 
Zone No. Per Dia., Per Dia., Per Dia., Per Dia., 
Cent. Mm, Cent, Mm. Cent. Mm, Cent. Mm. 
< 1 (a) (a) (a) (a) 
a 2 (a) (a) (a) (a) 
F 3 3.4 aD 0.0 0:0 0.0 
pet 4 4.9 5.4 0.0 0.0 0.0 
5 9.4 Fe Nae) 6.3 0.0 0.0 
i 6 10.5 4.6 4.2 6.2 0.0 0.0 
th ie Sao 4.0 ooo eile Ort 0.0 0.0 
8 9.4 3.9 6.5 D6 0.0 0.0 
9 7.9 hf 5.9 5.4 0.0 0.0 
10 6.4 3.6 6.0 5.3 0.0 0.0 
11 6.1 3.4 “0 4.6 0.0 0.0 
12 TAO 3.3 8.4 4.1 3.0 5.9 0.0 
13 ee. 3.3 10.3 Bie) 4.4 ere 0.0 | 
14 AEG Ee ote 6.7 3.6 2.8 5.7 0.0 
15 2 teAiaed) 225 3.5 i 5.5 0.0 
16 2.4 jell 2.0 3.6 1.6 5.3 0.0 
17 0.4 2.8 0.6 oat 0.9 5.3 0.0 
18 1.8 2.9 2.8 3.6 2.0 5.3 0.0 
19 uly 2.5 3.9 3.6 3.3 5.3 0.0 
20 5.0 1.8 24.1 3) 70.9 at Done oe 
21 1.0 is || ator. 0 1.6 LOO 287 60.0 4.3 
22 0.0 OFOr | 0.0 16.8 oe 
So RE ee a kr eee 


(a) In this test only water was caught in these zones, 1 and 2. 


If we examine first the separation according to specific gravity, we 
find “coal” in every zone except the last; the maximum percentage in 
any zone is 10.5, in zone 6, while 5.0 per cent. is mixed with a large propor- 
tion of “refuse” in zone 20. Only the separation of the “refuse” is good : 


2B. M. Bird: The Sizing Action of a Coal-washing Table. U.S. Bur. Mines 
Repts. of Invest. Ser. 2755 (1926). 
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this is concentrated in the last three zones. If we turn now to 
recording the average sizes of these various products, we find th : 
of the poor separation of coal and bone. Clearly, in addition to a separs "ie 
tion according to specific gravity, there is one according to size. If we . 
follow down the figures showing the average diameters of the “coal” par- 
ticles in each zone, we find a gradual decrease in size. For example, thesaed 
“coal” particles in zone 21 are on the average less than one-fourth the © 
diameter of those in zone 3. “Light bone” particles show this same grada- 
tion in size, decreasing from 6.3 mm. to 1.6 mm. along the table. This 
same separation according to size is apparent in the other specific gravity 
fractions. Evidently, then, separation according to size tends in general 
“ to throw coarse particles into the first zones and smaller particles into 
later zones, with little regard to specific gravity. Obviously if some 
means could be found to secure among the particles in the table feed a 
size-specific-gravity relationship such that the “coal” particles would be 
coarser than the “bone” and “‘refuse,’’ this sizing-action, in place of — 
opposing the separation according to specific gravity, would actually aid it. 

In hindered-settling classification this identical size relationship of 
particles is secured, as may be seen by referring to Table 6, which contains | 
the results of classifying a sample of coal passing a 407 Ton-Cap screen. 
For example, in compartments 1 and 2 the average diameters of the four | 
specific gravity fractions, from lowest to highest, are as follows: 1.16, : 
0.73, 0.53 and 0.33 mm. respectively. Obviously, with a feed of this | 
character the optimum conditions exist for a sharp separation on the : 
table. The relative sizes of the particles, as well as their differences in 
specific gravity, favor a sharp separation. 

The principles just discussed will aid in explaining facts developed 
throughout the remainder of the paper, which is devoted to the results of 
washing a carload of coal from the state of Colorado. 


EXPERIMENTAL WORK = 


The experiments on which this paper is based comprised in all 19 
tests on a full-size table and 16 tests on a semicommercial unit of the 
classifier. In all of the tests the performance of the apparatus was 
checked by float-and-sink tests and sometimes by screen-sizing tests. 
Eight of the table tests were made on the same unsized feed but 
with varying adjustments and tonnages in order to get the very best 
possible results by that method. The two best of these tests, one at 4.9 
and the other at 7.8 tons per hour, are given in this paper. With the 
exception of the product of the first compartment of the classifier, only 
one test was made on each of the classified products. Several different 
possible arrangements of the classifier and table were tried but only that 
showing the best results at 8.0 to 9.0 per cent. ash is given here. 
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Coal Used for Tests 

The washing characteristics of the coal used in the various tests are 
shown very completely by the float-and-sink and screen-sizing data. 
However, it may be well to say that the relative proportions of the specific 
gravity fractions present and the relative sizes of particles in each 
determine in large measure the difficulty of the separation. From the 
standpoint of specific gravity any given coal is easy or difficult to wash 
depending on how large a proportion of it is composed of particles having 
specific gravities near to that at which the coal must be separated to give 
the required ash content in the washed coal. For example, if the separa- 
tion is made at 1.50 specific gravity—that is, everything of less than 1.50 
specific gravity is, so far as possible, to be included in the washed coal 
and everything of over 1.50 specific gravity to be removed in the refuse— 
the difficulty of the washing problem so far as specific gravity is con- © 
cerned will depend mainly on how much of the feed is between the specific 
gravities of 1.40 and 1.60. From the standpoint of size, also, a coal may 
be classed as difficult or easy to wash by any given process according to 
the relative sizes of the coal and of the impurities—a factor to be dis- 
cussed more completely later in the paper as it affects tables—and accord- 
ing to the proportion of sizes that are beyond the best working range of 
the given process. This Colorado coal may be classed as comparatively 
easy to wash on tables to any ash content down to 10 per cent., and as 
increasingly difficult to wash with each decrease in ash content below that 
figure, until at 8 per cent. ash it presents a very difficult washing problem. 

The size of feed in all tests was the undersize of a 407 Ton-Cap screen, 
which gives a product like that of a standard Tyler 4-mesh sieve. The 
coal washed in an unsized condition was obtained by screening the under- 
size from the raw coal. The coal washed by classification and tabling 
was the same except that it was necessary, in order to have large enough 
classified products for tabling, to crush and include all of the oversize. 
This procedure increased the feed-ash of the classifier to 15.8 per cent. 
as compared to 15.0 per cent. in the table tests of unsized feed, and also 
increased the proportions of bone, thereby rendering the feed more diffi- 
cult to wash than that treated in an unsized condition. Although it 
would have been an advantage to have some additional tests on this new 
feed in an unsized condition, to show more accurately the advantages of 
classification, it was felt that the additional expense was not justified, 
inasmuch as the results of the combination of classification and tabling 
were better in spite of the handicap and therefore demonstrated the 
relative merits of the two systems. 


Apparatus Used in Experiments 


The table used in these experiments was a full-size standard make, 
except that the riffles were higher and were spaced more closely than 
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a distinct improvement both in sharpness of separation and in increased 


those originally furnished with the deck. is r riffles 
in. at the head-motion, and gradually tapered toward the 
They were spaced 2-in. centers except for the test of the fine f 
classified products, where they were spaced 1 in. The advanta 
this style of riffing over that ordinarily furnished with coal-washu ng 
tables have been described elsewhere ;? it suffices to say here that it causes 


a 3 


capacity of the table, especially in treating unsized feeds. a 
The classifier was a special six-compartment apparatus developed dur- _ . 
ing this tabling investigation. Essentiallyit maybe described asasorting 
column in which the upper portions have been arranged so that each part 
of the column may be supplied with an upward velocity of water suited 
to the sizes of particles at that point. By this arrangement a maximum __ 
hindered-settling condition can be maintained in the classifier for materials 
of all settling rates; also, the amount of water used in treating each kind 
of material can be kept at a minimum. The products are numbered in 
the order of their settling rates, from lowest to highest. 


Conduct of Experiments 


In adjusting the table, an effort was made to secure good ‘“‘distribu- “ 
tion;’’* that is, one in which the coal was fanned over the entire deck with 2 
only a small proportion—about 5 per cent. of the feed—discharged in the 
first 2 ft. along the part of that deck next to the head motion. The classi- 
fier was adjusted to maintain uniform hindered-settling conditions and 
to give the desired proportions from each compartment. 

During the period of tuning-up either the classifier or the table, ine : 
washed products were collected in one compartment of the sludge tank, 
dewatered, and returned to the feed bin; thus a closed circuit was com- 
pleted. The remainder of the test followed either of two procedures: 
(1) The entire sample, including the portion circulated, was washed as a 
“batch” test; the losses in slimes were determined by wasting all water 
through a standard orifice and taking samples to determine the percentage 
and character of solids; or, (2), the apparatus was fed with a fresh supply 
of coal, not before circulated, and, when operating smoothly a “time” 
sample consisting of a number of separate products including both coal 
and water was caught. In this latter instance all solids were precipitated 
from the water with hydrochloric acid, and were weighed with the 
remainder of the products. The classifier run described in this paper was 
a “batch” test; the table runs were “time” tests. All weights of products 
were put on a uniform dry basis and all analyses on a moisture-free basis. 


3B. M. Bird: Coal-washing Research Will Save and Better Coal While 
Increasing Capacity. Coal Age (1927) 31, 670. 
4B. M. Bird: Op. cit. 
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Resuits or EXPERIMENTS 
_ Method of I nterpretation 


The best method of interpreting the resulta secured with coal-washing 


a _ apparatus is that of comparison with those shown possible by correct 
a float-and-sink tests of the feed. This is exemplified in Fig. 1, where the 
_ results of the two table tests (Nos. 3 and 5 from Table 2) on the same 


unsized feed are plotted in the form of curves.» One curve shows the float- 


- and-sink test of the feed, representing the maximum possible recovery of 
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Pile Sel a2 
Percentage of Ash in Float-and-Sink and in Washed Coal 
Fig. 1.—Tasue rests Nos. 3 anp 5,- FRED UNSIZED THROUGH 407 Ton-Cap. 


coal of each ash content. The two other curves in solid lines show the 
yields of washed products secured in the tests. The two curves in dotted 
lines show the true efficiencies of the separations at any given ash content; 
that is, the yields of washed products of that ash content divided by the 
per cent. shown to be in the original feed by float-and-sink. 

In addition to its accuracy, which is, of course, the first consideration, 
this efficiency method has distinct advantages in interpreting the results 
of experimental work. Because the data, both of the feed and of the 


5T. Fraser and H. F. Yancey: Interpretation of the Results of Coal-washing 
Tests. Trans. (1923) 69, 459. 


é is a 
256 CLASSIFICATION OF FEI ED TO. COAL 
washed products, are reduced to curves, a washe 
ash content may be selected irrespective of the ash ¢ 
ucts actually made during the tests; thus the available yi 
efficiency of washing are known at once. Also, by a simple arit 
calculation, to be illustrated later, the proportions of middlings and re 
together with their respective ash contents can be determined from 

curves of washed products. ys a 


a4 


Taste 2,.—Table Tests Nos. 3 and 5, Feed Unsized through 407 Ton-Cap — 
SES 


hay 
7 


Specific : Cumul. | Cumul.t | math 
Product wcramty , | por Geni. | Por'Cent.| po Gone. | pe BBine, 
Float-and-sink of feed to table | Under1.38| 72.8 720 72.8 420: ne 
tests Nos. 5 and 3 1.38-1.50 13.3 20.2 86.1 9.0 } 
1.50-1.70 6.5 34.5 92.6 10.8 a 
Over1.70| 7.4 | 67.1 4100.0 | 15.0 . 
Washed products table test| 1 and 2 2.8 8.5 2.8 8.5 
No. 5 3 and 4 12.3 8.0 15.1 Sf 
5 and 6 18.3 8.9 33.4 8.5 
7 and 8 21.1 9.3 54.5 8.8 
9 and 10 18.0 9.3 72.5 8.9 
1lland12 | 10.6 10.4 83.1 9.1 
13, 14and15| 3.5 18.1 86.6 9.5 
16 and 17 1.6 24.9 88.2 9.8 
18 and 19 3.2 34.2 . 91.4 10.6 
20-and 21 8.6 61.3 100.0 15.0 
Washed products table test| 1 and 2 6.6 8.2 6.6 8.2 
No. 3 3 and 4 20.6 9.3 27 .2 9.0 
5 and 6 18.5 9.6 45.7 9.3 
7 and 8 18.7 10.2 64.4 9.5 
9 and 10 Wie ts) 11.6 82.2 10.0 
and 12a) eal 13.7 90.3 10.3 
13 and 14 0.6 26.4 90.9 10.4 
15, 16and 7) Ty4 > +5964. | oases 
18 and 19 0.5 39.6 92.8 11.0 
20, 21 and 22 he? 66.6 100.0 15.0 


* One-foot zones. 
t Moisture-free basis. 


It is, of course, axiomatic that if the comparison of two tests is to be 
exact the yield-ash curves of the feeds must be identical. But in the 
comparison given later, between table efficiencies with classified and 
with unsized feed, this factor has been ignored, inasmuch as it tends to 
favor the results with unsized feeds. 

When this method of measuring efficiency of washing is applied to 
the results of several apparatus taken together, some rational means must 
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‘apparatus. ~The result is exemplified in the eee dalle een Bote 
im Figs 2, 3,4 and 5, for a washed coal of 9.5 per cent. ash: 


pe | Table tent, Nowa Memer els se OL rye | 49 | fi | 12 17. 


’ Yield fon each table test, per cent......... 100.0 | 98.6 94.5 | 41.5 

__ Instantaneous ash, or product of maximum 
ash content included in the washed coal, 3 

7. - percent... dese eee e ee eee cence 80.0 44.0 | 24.6 10.7 


Total yield of washed coal = 72.3 per cent. 


This mode of combining results puts products with 80 per cent. ash 
from table test No. 19 with the total washed coal, and roe into 
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middlings or refuse the products just above 10.7 per cent. ash from table 
test No. 17. Such a procedure would obviously show a yield much lower 
than that actually secured by the tables. However, these data, although 
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Fig. 3.—Tasie test No. 11. Freep, compARTMENT No. 3 FROM CLASSIFIER. 


tent included in the washed coal. If these same data are re-combined 
on this basis for a washed coal of 9.5 per cent. ash, the “instantaneous ash” 
from each table is 22.0 per cent. and the total yield is increased from 72.3 
to 79.9 per cent. as shown in the following table: 


Table test No.,...:s, anew anne eee | 19 11 | 12 | 17 
Yield from each table test, per cent..... 95.5 94.3 93 .2 | 87 .2 
Washed coal ash, per cent.............. Wied 8.6 9.3 12.2 
Sp. gr. at point separation..............| 1:56 1.49 1.49 1.48 


Total yield washed coal = 79.9 per cent. 


If a series of yields of washed coals and of corresponding ash contents 
were determined in this same manner for different ‘‘instantaneous” 
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ole 


‘ 4 ashes, a a curve could be aire that would eho represent at all points 
the combined results of all of the tests. The method, however, has not 


been used in this paper, because the “‘instantaneous” ash curves are onl 
: ) yy 


approximate. As accurate ones can be drawn only by resorting to 


calculus, the more direct procedure has been adopted of adding together 
in the order of increasing ash contents the individual products of the 
table tests shown in Table 3 and of combining with them three products 
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Fria. 4.—Tasie test No. 12, Freep, coMpARTMENT No. 4 FROM CLASSIFIER. 


of the classifier which were not tabled. This procedure gives the data 
shown in Table 5 and in Fig. 6. Theoretically the individual products 
would need to be infinitely small to show a total yield as high as actually 
secured with the tables; but for practical purposes the addition of small 
products in this manner will give a result nearly enough like that obtain- 
able in commercial washing to be entirely satisfactory. 

As four washed coals of different ash contents, 7.9, 8.6, 9.3 and 12.2 
per cent. respectively, are combined in the example just given to make 
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Fic. 5.—Tasun test No. 17. Frrp, comPARTMENT No. 5 FROM CLASSIFIER. 


content will be secured in each of the washed coals. Evidently a solution 
of constant specific gravity, perhaps 1.45, could be used in making a washed 
coal of 9.5 per cent. ash, to control the cee point between washed coal, 
and middlings or refuse products, on all tables. Likewise it is cbseaae 
that if a plant is using chemical methods of control, the “instantaneous 
ashes” would serve to control the separation equally as well as the ash 
content of the washed coal. In the instance of the Separation at 9.5 per 
cent. ash, for example, the divider separating the washed coal from the 


Se ee i) 


oe Comp. ii and| Under 1 38 | 


DW | i 
Noon | 


83.5 th 83.5 Dat - 
ay 14, 22.6 val . 38-1.50 10.1 4 93.6 yer 
1.50-1.70 4.0 ate 97.6 8.2 a 
me | Over 1.70 Dea: 0 100.0 9.5 
CSE CIR ote ue ee 0 Ue 7.2 5.8 tie 5.8 
, ’ 38and 4 | 14.3 6.4 21.5 6.2 
5 and 6 14.0 69 35.5 enue 
7and 8 15.3 yeeG. 9 50.7 6.6 
9 and 10 16.0 LEG 66.7 6.9 
11 and 12 11.9 - 8.4 — 78.6 res : 
13 and 14 7.4 9.6 86.0 7.3 
15 and 16 8.3 eae 94.3 7.8 
17 and 18 1.6 20.5 95.9 8.0 
10 and 20 Loe 30.0 97.6 8.4 
21 and 22 2.3 58.9 100.0 9.5 
Mg “Table test No. 11 
_Float-and-sink of feed: Comp. 3 of | Under 1.38 84.2 6.8 84.2 6.8 
classifier test No. 14, 20. 1 per cent. 1.38-1.50 Sle P2022 94.9 8.3 
of classifier feed. 1.50-1.70 3.6 34.7 98.5 9.3 
< Over 1.70 “175 61.2 100.0 10.1 
Washed products..... Bsus itiois, cleteis tess land 2 10.5 6.0 10.5 6.0 
- -8and 4 18.6 6.6 2951 6.4 ’ 
5and 6 16.3 6.9 45.4 6.6 
P 7Tand 8 18.5 te 63.9 6.9 
j 9 and 10 10.0 9.1 73.9 . ihe 
od 11 and 12 10.2 11.0 84.1 Chet & 
i548 13 and 14 ies 14.1 91.4 8.2 
4 15 and 16 5.4 22.1 96.8 9.0 
; 17 and 13 2.0 29:8 98.8 9.4 
19 and 20 0.9 62.0 99.7 9.8 
Pin 21 and 22 0.3 79.5 100.0 10.1 = 
- Table test No. 12 : = 
’ Float-and-sink of feed: Comp. 4 of | Under 1.38 82.8 (hae 82.8 7.6 
a classifier test No. 14, 22.1 per cent. 1.38-1.50 10.9 20.9 93.7 9.1 
Be: of classifier feed. 1.50-1.70 4.2 35.3 97.9 10.3 
‘ Over 1.70 2.1 62.8 100.0 11.4 
oA 
; Washed products. . scsiee co cise a land 2 9.0 6.4 9.0 6.4 
re : 38and 4 18.6 7.0 27.6 6.8 
4 5 and 6 12.9 7.6 40.5 eed 
7and 8 12.2 fees 52.7 es 
. 9 and 10 13.4 9.4 66.1 Wed 
11 and 12 14.7 11.3 80.8 8.4 
13 and 14 9.7 14.6 90.5 9.0 
15 and 16 6.1 22.7 96.6 9.9 
17 and 18 150 37.0 97.6 10.2 
19 and 20 1.5 52.8 99.1 10.8 
7 j 21 and 22 0.9 74.9 100.0 11.4 
a Table test No. 17 
- Float-and-sink of feed: Comp. 1 to| Under 1.38 65.7 9.0 65.7 9.0 
p 5 incl. of classifier test No. 16, 21.6| 1.38-1.50 23.3 20.6 89.0 12.0 
ay - per ube of feed to classifier test | 1.50-1.70 9.0 32.7 98.0 13.9 
= No. 14. _|- Over 1.70 2.0 54.3 100.0 14.7 
i, Washed products,......0......60% zi land 2 6.5 Lets 6.5 7.8 
E ; - a 3and 4 24.7 9.6 31.2 9.2 
uy —_— 5 and 18.6 10.5 49.8 9.7 
ae 7and 8 11.6 12.2 61.4 10.2 
= 9 and 10 ~ 6.7 13.4 68.1 10.5 
- 11 and 12 8.4 16.0 76.5 x a 
a 13 and 14 8.6 19.0 85.1 11.9 
; 15 and 16 2.9 21.4 88.0 12,2 
17 and 18 = fa | 23.6 Olt 12.6 
19 and 20 6.3 29-8 97.4 1357 
21 and 22 2.6 51.0 100.0 14.7 


* One foot zones. _ 
+ Moisture-free basis. 
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other products would be set at 22.0 per cent. ash. Thus the determination 
of the correct ash content of the washed coal to be made from each table, 
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Nos. 19, 11, 12 anp 17. 


a problem somewhat difficult of solution in the laboratory, will be 


simple in the commercial washery. 


TaBLE 4.—Table Adjustments 
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aloha, elalfahs dalates sisi-ebaksitstats saiprat ieteeeeer oe No. 3 No. 5 No. 11 | No. 12 | No. 17 | No, 19 
Tonnage washed per hr.......... iS 4.9 UWE} 11.4 | 12.0 6.6 
Length of stroke (Gn) .., sms eeniee 130 1.0 0.75 1.0 1.0 0.75 
No. of strokes per min........... 276 268 288 280 264 290 
Cross-slope (in. per ft.).......... 0.65) 1084-0. 96: | SOR7OR etal salae Ong 
Elevation of refuse end of support- 

ing channels above other end 
(MIDs) ira itn st cael ee ee 3.09 | 3.22) 3.81) 5.28) 4.13 | 0.94 

. Weight of water 
Average pulp ratio Weight ofecale 1.69 | 2.30 1.47 NSS 1.74 1.18 
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1- 2 Dh gle ns Sel tana 9.0 6. 6. 
3-4 LT ee, ee Nee 18.6 6. 6. 
5- 6 TOR ee eee 14.0 6. 6. 
7-8 NO NS ot Lf 15.3 6. 6. 
5- 6 1d Ree AOE at gn fee 16.3 6. 6. 
3-4 ee ee cy 18.6 7, 6. 
5- 6 De en eeaes oe 12.9 Vie 6. 
7-8 ile Soe SMe 18.5 Te 6. 
9-10 1 ares Parse Ss ieee rie 16.0 (he 7. 
12 Agee mee See eo 6.5 , a 7. 
7-8 oe | See ane ek 12.2 : 8. 6 
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9-10 tae oe ee 10.0 . 9. 7. 
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Tass 5. Cait Results Table 


Wei 


Per Cent. 


8 ecific 
Tavity 


Float-and-sink of feed.............+5+. mgr ale AE 70.9 


9 

14.6 

1 30-1. 70 7.2 
Over 1.70 7.3 


* Moisture-free basis. 


In the case of the results of the classifier-table combination, therefore, _ 


the task is to get the data of laboratory tests into a form to show results 
actually obtainable in good commercial practice. But the steps neces- 
sary to this end should not obscure the basic method of measuring wash- 
ing results used throughout this paper; namely, a direct comparison of 
the yields secured by washing with those obtained by carefully mare! 
float-and-sink tests of the feed. ~ 


Comparison of Washing Results with Classified and Unsized Feeds — 


The first basis on which to compare the washing of unsized and of 
classified feeds is relative efficiency. If the efficiencies read from Figs. 
1 and 6 are tabulated for various ash contents they appear as follows: 


Per cent. ash in washed coal........... | 8.0] 8.5 | 9.0 | 9.5 | 10.0 | 10.5 
Table test No. 5, unsized feed, Fig. 1 : 

Tonnage, 4.9 tons per hr...........5.. 39.9 |.91.5 | 97.7 | 98.9 | 99.2 
Table test No. 3, unsized feed, Fig. 1 

Tonnage, 7.8 tons per hr.............. 15.9 | 31.6 | 73.0 | 91.3 | 98.8 
Combined table tests, classified feed, 

Fig. 6 
Average tonnage, 10.3 tons per hr...... 84.0 | 91.0 | 94.2 | 95.8 | 96.7 | 97.1 


These figures bring out very distinctly the principal advantage of the 
classifier-table combination, that of producing washed coals of low ash 
contents; whereas no 8.0 per cent. ash coal was produced in either of the 
two tests of unsized coal, an efficiency of 84.0 per cent. was made possible 
by classification. An almost equally distinct improvement is shown at 
8.5 per cent. ash, where the preliminary classification made possible a 
gain in efficiency from 39.9 to 91.0 per cent. Similarly, we see a distinct 
improvement due to classification at 9.0 per cent. ash. For ashes under 
9.0 per cent. with this coal, preliminary classification of the table feed, 
therefore has a distinct advantage. 

Because the results of classified feeds show higher efficiencies at low 
ashes, we should expect them to show higher efficiencies at the high 
ashes also, or at least equal efficiencies; for it would be impossible to 
make any large gain over the omiceneee around 99 per cent. shown in 
test No. 5. That the data do not indicate equal efficiencies requires 
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some explanation. Two classifier products, one containing 6.8 per cent. 
_ of the feed with 35.0 per cent. ash and the other 5.8 per cent. with 57.9 
per cent. ash, were too small to table. Little could have been gained by 
washing the second of these products; in fact, it was intended to be a 
refuse. But float-and-sink tests of the 35.0 per cent. ash product 
showed an appreciable amount of material recoverable by tabling that 
q might have been added to washed coals above 9.0 per cent. ash. As this 
product, which is that of compartment No. 6 of classifier test No. 16 
; (Table 7), is fairly well classified, as will appear later in this paper, one 
__ may reasonably suppose that if it had been tabled by itself, the recovery 
a would have been at least equal to that actually obtained in table tests Nos. 
, 3 and 5, where it was a part of an unsized feed. But as there was no 
means of knowing what might have been accomplished, this product was 
simply added in with the table products in the order of its ash content. 
This means, therefore, that the efficiency curve of the classifier-table 
combination shows lower efficiencies for ashes above 9.0 per cent. than 
would easily have been obtained had this other classifier product 
been tabled. 

But the high efficiencies obtained in treating unsized feeds at ash 
contents above 10.0 per cent, indicate that classification could have 
raised the efficiencies only a trifle at most and that from the standpoint 
of increased washing efficiency, it would be of little advantage. It 
had, however, another advantage, which will be the second basis for 
comparison, that of markedly increasing the capacity of the tables. 

The average tonnage of the tables treating classified feeds, as is evident 
from the figures given with the efficiencies just discussed, is 132 per cent. 
of that’ of test No. 3 and 210 per cent. of that of test No. 5. As the effi- 
ciencies only in the latter of these tests are at all comparable to those with 
classified feeds, these tests clearly indicate that for equally high efficiencies 
the tonnage is more than doubled by preliminary classification. 

Although the tonnages of classified feeds are high, they are to be 
regarded as comparative only and not as indicating the maximum ton- 
nages that may be treated on the table with this system. The difficulty 
of washing any given coal and the maximum size of particles determine 
the tonnages that may be handled on the table. If, for example, a 
washed coal of 10 to 11 péf cent. ash had been the aim of the experiments 
given in this paper, a marked increase in tonnage could have been made, 
doubtless to 13 to 15 tons per hour. Likewise, if the maximum size of 
feed had been greater, a higher tonnage would have been possible. 

In the above figures for capacity, it will be observed that two tonnages 
are given for unsized feeds, one at 4.9 and the other at 7.8 tons per hour, 
while only the figure of 10.3 is shown for classified feed. The marked 
gain in efficiency at low ash contents made on an unsized feed by reducing 
the tonnage suggests that a similar gain might be shown in the tests 
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with classified feeds. But the experiments on table capacity conducted 


at this station do not necessarily indicate such a result. The table is 


peculiar in that it works best at only one tonnage; its efficiency drops _ 


both at too low and at too high a tonnage. Though these tests of 
classified feeds furnish no direct data as to what would happen at lower 
tonnages, the performance of the tables during the tests indicated that, 
with the possible exception of test No. 19 on the very finest product from 
the classifier, a decrease in the tonnage would not materially have 
improved the results. ’ 


CoMMERCIAL APPLICATIONS OF CLASSIFICATION 


The preceding discussion has been confined to a comparison of the 
efficiencies and capacities of the tables with classified and with unsized 


feeds. In a discussion of commercial applications, it is important to 


consider the efficiencies that may be expected in practice. Even though 
most experimenters in coal washing agree that better results are obtained 
as a rule in commercial plants than in laboratory experiments, in this 
instance it is worth while to point out definitely some few of the factors 
that will be more favorable. 

Perhaps the largest gain over the laboratory results to be had under 
commercial conditions will come from improved hindered-settling ratios 
in the classified products, particularly in that from the fifth compartment 
of the classifier. During these experiments shortage of coal necessitated 


he: 


arbitrarily making the four classified products intended for tabling of — 


equal size in order to insure sufficient coal for a test oneach. If asmaller 
product of perhaps 15 per cent., in place of 27 per cent., of the classifier 
feed could have been made in the fifth compartment, and the proportions 
of the first two or three compartments proportionally increased, its ratios 
could have been distinctly improved while those of the other compart- 
ments would not have been affected materially. This possible improve- 
ment depends on the fact that the hindered-settling ratiosshown in Tables 
6 and 7 are each the average of a series of much higher ratios actually 
existing at any given level in the main sorting column of the classifier. 
A sorting column might be thought of as made up of a large number of 
thin horizontal slices, each having the true hindered-settling ratio of 
coal, bone and shale. Each product of a six-compartment classifier 
consists of a number of these thin slices. As the specific gravity and size 
of particles in succeeding slices on the upper end of the sorting column 
differ only slightly because of the large proportion in the feed of materials 
of low specific gravity, a product made up of 25 per cent. of the feed from 
the upper layers would show only a slight variation between the highest 
and the lowest slices included and the average ratio would be good. But 
on the lower end of the column, where the differences between successive 
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slices is great, the same proportion of the classifier feed will represent a 


much poorer average ratio. Logically, then, the proper method of pro- 
portioning classifier products is on a basis of including an equal number of 
these thin slices in each compartment; if this procedure is followed there 


will be larger products in the first compartments of the classifier than in 


the later ones. The result of being unable to make this distribution dur- 
ing these experiments is shown in Tables 6 and 7. If we take the classi- 
fied products of compartments 3, 4 and 5 from Table 6 as examples, and 
put the diameter of coal equal to unity, we get the following results: 


Ratios in Crassirmp Propucrs From Cuassirier Trst No. 14, TakEN FROM 


TABLE 6 
Compartment iN 0s 0))5.21- 14 OFS, os oS SS oases we 3 4 5 
2O0al; under S8isps PEaras eeisaen ee 1.00 1.00 1.00 
“Tight bone,” 1.38—1.50 sp. gr............. 0.74 0.77 0.89 
“Heavy bone,” 1.50-1.70 sp. gr............ 0.52 0.53 0.74 
pee Refuses Over 1Z0iSp. ore OMe ee... oes 0.32 0.32 0.47 


It will be seen at once that the ratios in No. 5 are much higher than 
the others. As all the advantages of classification depend on having low 
ratios, this fact indicates reduced efficiency in the tabling of this product. 
But our experiments with other coals give every reason to believe that if 
in these tests a larger supply of coal had permitted a correct proportion- 
ing of the classifier products, a distinct improvement could have been 


made in the results of the classifier-table combination. 


Because the original fifth compartment product of test No. 14 proved 
very difficult to table efficiently, it was run through the classifier a second 
time (test No. 16) and an additional product was made containing 6.8 
per cent. of the original feed with 35.0 per cent. ash. The improved 
ratios, as shown in Table 7 (compartments Nos. 1 to 5), resulting from 
dividing the original fifth compartment product into two classified prod- 
ucts, made the table separation, test No. 17, enough better to offset the 
fact that the new sixth compartment product could not be tabled for lack 


-of material. 


Besides the better ratios obtainable by re-proportioning the products 
of the classifier, there is another respect in which the classified products 
in a commercial plant would be in better condition to table. During 
these experiments it was necessary to take each of the products of the 
classifier and store it, in some instances for three or four weeks, until it 
could be tabled. This delay allowed time for a part of the shale particles 
contained.in the coal to disintegrate. During the table tests this fine 
shale found its way into the washed coal, whereas in plant operation it 
would have been separated into the refuse products. 


Float-and-sink Fraction 


“Coal,” under 1.38 sp. gr........ 2.86 | 3 
“Light bone,” 1.88 to 1.50 sp. gr..| 3.13 | 0.73 | 2.13 | 2.6: 
. “‘Heavy bone,’ 1.50 to 1.70 sp. gr.| 3.00 | 0.53 | 1.48 | 1.80 
“‘Refuse,”’ over 1.70 sp. gr....... 2276" 1 OFR3) 0792 4) 08 


TaBLe 7.—Re-treatment of Product from Compartment 5 of Classifier Test Bet 
No. 14 in the Six-compartment Hindered-setiling Classifier 
Sizes of Particles are Average Diameters Calculated from Screen Tests 


ao 


Calculated fror 


2.98 | 1.16 


* Proportions shown in Table 3. 


Compartments Classifier Test No. 16 2 
Float-and-sink Fraction eR. ae A 
Mm. Mm. 
“Coal,” under 1.38 sp. gr........ 4.62 4.81 5.91 ’ 
“Tight bone,’ 1.38 to 1.50 sp. gr..| 4.10 3.92 5.22 
‘Heavy bone,” 1.50 to 1.70 sp. gr.| 3.438 2.98 4.20 
“Refuse,” over 1.70 sp. gr....... 2.16 | 1.94 | 2.74 | : 


In addition to the improved results obtainable in commercial practice 
by better classification of the table feed, there is also a possible gain from 
re-treating a middling from each of the tables. As a similar advantage 
would have accrued to the tests of unsized feeds, this factor did not enter 
into the previous comparisons of the tabling of unsized and of classified 
feeds; but in considering the efficiencies possible commercially, it should 
be taken into account. Screen-sizing and float-and-sink tests of the 
products of the tables treating classified feeds showed an incomplete: 
separation on account of the presence in the table feeds of particles of coal 
finer than the bone and shale particles. This poorly classified material - 
resulted from irregularities in the operation of the classifier and from 
breakage in handling the products. To complete the separation, the 
logical procedure is to return a small middling to the classifier feed. 
This middling, which would serve only to pick up any irregularities in 
the commercial operation of the classifier or the tables, should be dis- 
tinguished from a final middling product, which might be made as a low- 
grade fuel. 

In addition to the higher efficiencies possible with the classifier-table 
combination through re-proportioning the classifier products and through 
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re-treating incompletely separated products, improvement should cer- 


_ tainly come from better adjustments of the classifier and the tables where 


an unlimited amount of coal and ample time for refinements in adjust- 
ments are available. Just how much improvement may be expected in 
commercial washing from these three sources can only be a matter of 
speculation. However, if the efficiency in making an 8 per cent. ash 
washed coal is increased proportionally to other tests in which it has been 
tried, the one factor of re-classifying a middling will increase the efficiency 
from 84.0 to 92.0 percent. It seems reasonable to expect, therefore, that 
in good commercial practice the over-all efficiency will be close to 95.0 
per cent. even in making a washed coal of as low as 8.0 per cent. ash. 


The Making of a Middling Product 


If a washed coal of low ash content is prepared from this coal, the 
curves in Fig. 6 show that a final middling product for secondary fuel, 
as well as one for picking up irregularities in the operation, will be neces- 
sary. For example, if a washed coal of 8 per cent. ash is produced, the 
yield of washed-products is 63.5 per cent. If no middling is made, the 
yield of refuse is 36.5 per cent., which, from the refuse curve of washed 
products, Fig. 6, is seen to contain only 29.4 per cent. ash. The curve, 
plotted beside this, which shows the ash content in the corresponding 
float-and-sink reject to be only 31.6 per cent., indicates that improve- 
ments in the washing operation cannot do much to raise the low ash con- 
tent and that they can decrease only the quantity of refuse. Obviously 
a product containing only 29.4 per cent. ash would contain too much 
combustible to be wasted as a refuse; hence, a secondary coal should be 
made. What the ash content of this must be to have it salable is deter- 
mined by local market conditions. For the sake of illustration, suppose 
that, in addition to a market for 8 per cent. ash coal, there is also one for 
16 per cent. ash middling: The problem is to find the available yield of 
this product from the yield-ash curve of washed products in Fig. 6. A 
point is sought on this curve at a higher yield and ash content than that 
of the washed coal, such that if the washed coal is subtracted, the average 
ash content of the coal intermediate between the points will be 16 per cent. 
By a process of trial, a point at 82.1 per cent. yield and 9.8 per cent. ash 
is selected that will meet these conditions. There are 82.1 X 9.8 = 
805 units of ash in the washed coal plus middlings. If 8.0 X 63.5 = 
508 units of ash in the washed coal are subtracted, the difference is 297 
or the number of units of ash in 82.1 — 63.5 = 18.6, or the per cent. of 
middlings. The ash content of the middlings, therefore, is 297 divided 
by 18.6 = 16.0, which is the ash content desired. These figures will 
serve to illustrate the method of arriving at the yield and ash content of 
the middlings available under the conditions proposed. 
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Gscraring Advantages of the Classifier-table Coieiseviedioml 


In a preceding section of this paper the higher efficiencies in Oe pe = 


and the greater capacities of tables have been pointed out as advantages ; 


of classification. It is of interest also to note whether this additional step 


in washing the coal, which inevitably complicates the washing plant, a" 


has any purely operating advantages. 

There are three that appear of some importance. First, the classifier 
irons out irregularities in the “rock’‘ content of the table feed; thus it 
will help solve one of the most baffling of washing problems, that of main- 
taining a uniform ash content in the washed coal. Second, the classifier 
automatically corrects in the table feed a size relationship of coal and 
refuse particles unfavorable to a separation. Often coal is more friable 
than are its associated impurities, a condition that results in the refuse 
particles being coarser on the average than the coal particles from which 
they are to be separated. Such a coal in the natural unsized state is 
extremely difficult to table efficiently, but becomes very easy to wash 
after classification. Third, the classifier increases the range of fine sizes 
that may be washed effectively by the table, by segregating all of the 
finest refuse into the feed to one table, where the adjustments can be 
better adapted to its removal from the washed coal. All of these advan- 
tages of classification are of distinct importance to good table operation. 


Need for Commercial Trials 


There has been no opportunity thus far to study the performance of a 
commercial operating plant and so to determine what problems will 
develop that cannot be foreseen in semicommercial tests such as those 
described in this paper. Everything possible has been done in the labora- 
tory to work out details that might give trouble in a plant; but to antici- 
pate every operating difficulty is impossible. This process involving 
hindered-settling classification of the table feed is ready to be tried on a 
larger scale, preferably in a pilot plant, by some company that has a diffi- 
cult washing problem and needs a washed coal of low ash content. 


CoNCLUSIONS 


1. Ona coal-washing table there are two separations, one according to 
specific gravity and the other according to size, which, in treating an 
unsized feed, oppose each other. 

2. Classification of the table feed gives a size-specific-gravity relation- 
ship of the particles of coal and refuse such that the sizing action of the 
table aids the separation according to specific gravity. 

3. Classification of the table feed renders the separation in producing 


washed coals of low ash content appreciably more efficient than that with 
unsized feeds. 
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permitting efficiencies equal to those with unsized feeds. >. 

5. The classifier, by making a refuse product ahead of the tables, 
smooths out irregularities in the table feed, and so aids in securing a uni- 
form ash content in the washed coal. 


: 4. Classification approximately doubles the capacity of the table while 
y 
3 
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DISCUSSION 


T. Fraser, Pittsburgh, Pa. (written discussion).—The important facts brought 
out by the work reported in this paper are: (1) When operated on a classified feed, 
tables will make almost complete recovery of the good coal even when separating at 
low specific gravities, and (2) the greatly increased capacity on classified feed. The 
authors have already emphasized these conclusions fully. 

Tables will make a 97 to 99 per cent. recovery on unsized feed when the separation 
is made at around 1.8 specific gravity or higher, so as to remove only the slate. This 
is the result desired at many operations in comparatively clean beds. However, 
there are many places in the Appalachian and Middle Western coal fields, as well as 
in the northwest, where a more difficult problem is encountered. In the East, this 
situation is probably due more often to difficulty in producing a low sulfur product 
than to difficulty in getting the ash down. However, whether the difficulty be caused 
by ash or sulfur, the object, so far as washery performance is concerned, is complete 
recovery of the float coal with a low gravity separation. There is no reason to suppose 
that the methods advocated in this paper would not be as effective for one purpose as 
the other. 

Noteworthy examples of this kind of coal in the Appalachian field are furnished 
by some of the central Pennsylvania coking coals. There are in this section many 
mines producing coal of exceptionally good coking quality, but carrying from 114 
to 3 per cent. sulfur. This sulfur, while finely disseminated in many cases, is yet 
largely removable by fine crushing and washing at low specific gravity. Ata number 
of washeries in this field, sulfur reductions of 60 per cent. or more have been accom- 
plished. This will be generally recognized as exceptional performance. At some of 
these plants that I have investigated, the loss of coal in the refuse is high and the rate 
of feed to individual machines is low, but these conditions have been accepted as an 
unavoidable sacrifice in order to obtain the desired product. This would be a fruitful 
field of research for the authors of this paper. 


[For additional discussion, see page 283.] 
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Re-treating Middlings from Cousens Tables 1H ; Hindered- 
settling Classification* "2s 


By B. M. Birpt anv H. F. Yancey,t Searrin, Wasu. 


(New York Meeting, February, 1928) > +1 > 


Ons of the problems studied by the U. 8S. Bureau of Mines in cooper- = 


ation with the University of Washington has been the re-treatment of 
table middlings. Hydraulic classification has given the best results. 
Instead of using the classifier to prepare the feed to the tables, as has been 
the practice for many years in ore dressing, it is used to separate part of a 
middling product that cannot be re-treated successfully on the table. 

Middlings are desirable in a table plant because the separation accord- 
ing to specific gravity is incomplete; that is, in the products of the table 
there is always an overlapping of free particles of coal and refuse that can 
be distinguished with heavy liquids such as are used in the float-and-sink 
test. The causes of this overlapping may be divided into two groups, 
those outside the table separation itself and those inherent in the table 
separation. The first of these groups includes, among other causes, the 
following: (1) poor adjustments of the table, (2) overloading or under- 
loading the table, (3) irregularities in the quantity and quality of the feed, 
(4) irregularities in the power and water supply, and (5) a vertical danc- 
ing motion of the table deck due to weak foundations. These causes of 
overlapping are largely unnecessary in a properly designed and con- 
structed plant; but whenever they are present they materially affect the 
character of the middling product, and hence the problem of re-treat- 
ment. The other group includes three additional causes: (6) small 
differences in specific gravity between coal and impurities, (7) a size- 
specific-gravity relationship of the coal and refuse particles in the table 
feed such that the sizing action of the table opposes the separation 
according to the specific gravity, and (8) shapes of particles that prevent 
a separation. 

The sixth, small differences in specific gravity, may be a very impor- 
tant reason for an incomplete separation. The change in specific gravity 
from coal to shale is always gradual and the designation of one part as coal 
and another part as refuse is arbitrary. If some specific gravity, such 
as 1.45, is chosen as the dividing point between washed coal and refuse, 


* Published by the permission of the Director, U. S. Bureau of Mines. 
+ Supervising Engineer, U. 8. Bureau of Mines. 
t Associate Chemist, U. 8. Bureau of Mines. 
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c the difference between the particles of highest specific gravity to be 
Included in the washed coal and those of lowest specific gravity to be 


discarded in the refuse, is obviously less than 0.001 unit of specific gravity. 
The complete separation of materials differing by so small an amount, 
and in fact differing by a much larger amount, must be very incomplete. — 
Hence, if the proportion of the raw coal near in specific gravity to the 
point of separation is large, as when attempt is made to produce a low- 
ash washed coal from a very bony raw coal, the overlapping between 
washed coal and refuse will be excessive. 

The seventh cause, relative size of coal and refuse particles, is also of 
great importance. In addition to a separation according to specific 
gravity on the table, there is also one according to size.! Separation 
according to size tends in general to throw coarse particles into the’first 
zones of the table, and smaller particles into later zones, with little regard 
to specific gravity. In an unsized feed, therefore, separation according 
to size opposes that according to specific gravity, because it tends to 
throw coarse particles of bone and shale into the washed coal and fine 
particles of coal into the refuse. It is this sizing action of the table which 
constitutes the best argument for classification of the table feed as 
used in ore dressing and likewise for using hindered-settling classifi- 
cation to clean up a table middling, ‘as will be apparent in the subse- 
quent discussion. 

The eighth cause given for overlapping—shape of particle—except 
in some rare instances, has the opposite effect; the tendency to flatness 
usually manifested by bone and shale particles aids the separation, and 
so it will not be considered in discussing the re-treatment of middlings. 

Whenever the overlapping due to one or more of these eight causes 
affects the efficiency of the separation sufficiently to justify the step, it 
is desirable to cut a product for re-treatment. The purpose of this 
paper is to point out the true character of table middlings, to show 
why hydraulic classification is the logical means of re-washing them 
and to give results of re-treating them using hindered-settling classifi- 
cation in the process. 


CHARACTER OF TaBLE MIpDLINGS IN RELATION TO RE-TREATMENT 


One characteristic of table middlings, that of a high content of free 
particles of “‘coal’’ and “‘refuse,’’ may be seen by referring to Table 1, 
where the percentages of the different specific gravity components in four 
middlings are shown. It should be noted that these arbitrarily selected 
specific gravity fractions have been enclosed in quotation marks, “coal,” 


1R. H. Richards and C. E. Locke: Textbook of Ore Dressing, 2d Ed., 213-215. 
McGraw-Hill Book Co., New York, 1925. 
B. M. Bird.: Sizing Action of Coal-washing Table. Bureau of Mines Reports 
of Investigations Serial 2755 (June, 1926); and many others, 
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‘light bone,” ete., throughout this paper to distinguish them se he 
more general use i: the terms coal and refuse. The term refuse wishin . 
the quotation marks has been used to designate anything beyond the ~ 
washed-coal product of the table, even though it is recognized that a 
middling product may be made. In this table, No. 1 is a short “time” 
sample, taken in the laboratory, of 5 lin. ft. at the corner of the table; 
therefore it includes mainly materials inherently due to the type of 
separation effected by the table. No. 2isa larger cut from the same table 
test. No. 3 is a sample taken in the laboratory over a period of 4 hr. | 
when certain irregularities in the feed and in the water supply were 
allowed to occur to simulate poor practise. No. 4is a sample of the mid- 
dling from one of the best table plants in the country, taken over a period 
of 16 hr. As might be expected, each of these products contains free 
particles of low-ash coal and of high-ash refuse. No. 4, for example, 
contains 51.5 per cent. of ‘coal’ with 7.2 per cent. ash and 12.1 per cent. 
of ‘‘refuse’’ with 61.2 per cent. ash. By difference, what might be con- 
sidered as a “‘true”’ middlings, that is, material in which the coal and shale 
particles are locked grains, consists of only 36.4 per cent. of the product. 
As all of the two fractions of lowest specific gravity, making 73.7 per cent. 
of the product with an average ash content of 11.0 per cent., can be 
included in the washed coal without raising the allowable ash content, 
73.7 per cent. of 13.1 per cent., or 9.7 per cent. of the original raw coal 
is at stake in selecting the proper method of re-treating this middling. 
Although the proportion of recoverable coal is larger than usual for this 
plant this example makes it clear that a separation in which no middling 
product is made for re-treatment would be very wasteful. Also, it shows 
that selling this product as a low-grade fuel without attempting to recover 
its content of marketable coal would be uneconomical. 


Taste 1.—Float-and-sink Tests of Table Middlings 


1 2 3 4 
Rroduch Wat., | Ash, | Wet.,| Ash, | Wet. | Ash, | Wet. | Ash 
Per Per Per Per Per Per Per Per 
Cent. | Cent. | Cent. | Cent. | Cent. | Cent. | Cent. | Cent. 
“Coal,” under 1.38 sp. gr....| 15.8} 9.5] 66. Cth CO SSHe 052i e Dil aaa ae 
“Light bone,’’ 1.38-1.50sp.gr.| 22.2; 23.5! 19.4) 19.5 | 21.4! 21.0| 22.2! 19.7 
“Heavy bone,’ 1.50-1.70 sp. 
fs eR ir re Saker ae ah) ed Fl 48.3} 36.0} 12.0) 34.0| 14.7] 34.3] 14.2] 35.0 
“Refuse,”’ over 1.70 sp. gr. 13.7) 66.1 2.0) 52.1 3.1) 62.25 12 6b 2 
Average ash per cent........ 33.2 13.7 15.5 20.5 
Per cent. of table feed....... 2.0 27.9 23.8 13.1 
ee Se ee ee ee 


Without doubt there are many table plants where the proportions of 
coal incompletely separated are smaller than shown in these samples. 
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Fe However, the absence of coal in the refuse is no sign of the absence of 
overlapping. Such part of the overlapping as is inherent in the separa 


tion must occur wherever the table is used. If there is no coal in the 
refuse, there must be refuse in the coal. 
The other characteristic of table middlings, as itiighe be inferred from 


the previous discussion of the sizing action of the table, is a size-specific- 


gravity relationship such that there is a progressive increase in size of 
particles with increasing specific gravity. Table 2 shows the average 
diameters, as determined by screen-sizing tests, of the specific gravity 
fractions in the four middlings from Table 1. Beside these average 
diameters are ratios calculated by taking the diameter of “‘coal’’ as unity. 
The same relationship of size and specific gravity is apparent in all 
samples, though the highest ratios occur in Nos. 1 and 2. The ratios of 
particles in No. 1, for example, from lowest to highest specific gravities, 
are 1.00, 2.00, 3.91, and 2.38, respectively; the ratios for No. 2 are 1.00, 
1.33, 1.76, and 1.06. The bees in the ratios shown in No. 2 is what 
Sill be expected from increasing the proportion of middlings from 2.0 
per cent. of the feed in No. 1, to 27.9 per cent.in No. 2. If the proportion 
of middlings was increased still further,-the ratios would obviously 
approach those originally existing in the feed. These two samples, 
caught during a short interval of time, represent mainly the size relation- 
ships inherent in the table separation. 


TABLE 2.—Average Sizes of Components in Table Middlings 


Average Diameters of Particles* 


Product 1 2 3 4- 


“Coal,” under 1.38 sp. gr....| 0.64) 1.00| 1.25/ 1.00| 1.54) 1.00 | 2.264] 1.00 
“Tight bone,’’ 1.88-1.50 sp. gr| 1.28 | 2.00! 1.66 1.33) 1.80| 1.17 | 2.57 | 1.14 
“Heavy bone,’’ 1.50-1.70 sp. 


Fite) SET SORRY op TE I 2.50 | 3.91 | 2.20} 1.76) 2.31) 1.50 |3.23 | 1.43 
“Refuse,” over 1.70 sp. gr...|-1.52 | 2.38 | 1.32 | 1.06 | 2.01 | 1.31 | 2.96 | 1.31 
Percentage of feed.......... 2.0 27.9 23.8 Lei 9c 


* Samples 1, 2, and 3 resulted from tabling coal passing a 407 Ton-Cap screen 
(approximately equivalent to a 4-mesh Biendard sieve). 
Sample 4, from tabling coal passing a 34-in. square screen. 
t Average a fraction under 1.30 (1.60 mm.) and 1.38 to 1.50 (2.66 mm.). 


Nos. 3 and 4 show pronounced effects from causes outside the table, 
such as irregularities in quantity and quality of feed,.and the like. No.3, 
taken over a period of 4 hr. in the laboratory, although consisting of 23.8 
per cent. of the feed, shows better ratios than No. 4, representing 16 hr. 
run in a washery, but including only 13.1 per cent. of the feed. Thus, 


ae oo 


the attempt in the laboratory Sah Hecnendate plant t 
fewer effects of poor operation than actually existed in an é 
plant when this sample was taken. _ ay 

In all of the middlings the progressive | increase of size with 
gravity is apparent, except in the ‘‘refuse.” As experiments with 
coals have shown “‘refuse’’ particles under normal operation to be the 
coarsest, this exception is attributed to the fact that in this coal the shale 2 
particles, which disintegrate fairly readily in water, fell to pieces during 
the float-and-sink tests subsequent to tabling. When these samples | 
were originally taken, the ‘‘refuse”’ particles, beyond a reasonable doubt, 
were the coarsest of the middling components. 

In general, then, table middlings are characterized by (1) the presence 
of a large proportion of free particles of ‘‘coal’’ and “‘refuse,” (2) a pro- 
gressive increase in the average diameter of particles with increase in 
specific gravity, and (3) the presence of varying proportions of coarse 
particles of ‘‘coal’’ and fine particles of ‘‘refuse’’ caused either by making 
a very large middling product or by irregularities in the operation, or 


by both. 


TaBLE 3.—Average Sizes of Components of Classified Products 


Average Diameters of Particles 


Predust Cela Seales heen? Cell 3 Cell 4* 
Mm. | Ratio Mm. | Ratio Mm. | Ratio | Mm. | Ratio 
| | 
“Coal,’”’ under 1.38 sp. gr..... 2.08 | 1.00) 3.85 | 1.00] 5.17| 1.00} 6.90} 1.00 
“Light bone,” 1.88-1.50 sp. gr.| 1.65 | 0.79 | 2.80) 0.73/ 3.73 | 0.72 | 5.32| 0.77 
“Heavy bone,” 1.50-1.70 sp. gr.| 1.23 | 0.59 | 2.10 | 0.55| 2.49 | 0.48) 4 46) 0.65 
“Refuse,’’ over 1.70 sp. gr... .| 0.89 | 0.43 | 1.29] 0.84] 1.51] 0.29| 3.74] 0.54 


* A refuse product. 


Whatever the process used to re-wash middlings, it must be adequate 
to deal with a product having these three characteristics. The table, 
which is almost the only device used at present, is manifestly suited only 
to a part of the task, that of recovering the coarse coal and of eliminating - 
the fine refuse. © It has so little latitude in adjustment for any given size 
of feed that it can do but little toward separating fine coal and coarse 
refuse originally due to the sizing action of the table. One coal company 
in the West has had an interesting experience in re-tabling middlings. A. 
middling from three tables is continually returned to the feed bin and 
re-washed on the same tables. Although this step materially increases 
the recovery of washed coal from the plant, it gradually builds up a circu- 
lating load consisting of materials that do not separate. When this 
material begins to monopolize a large part of the working area of the table 
deck, it must be run to waste. Float-and-sink tests of this wasted 
material, however, show that it contains much free coal that, without the 
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interference of an adverse size-relationship, might be recovered in the 


-washed coal. 


Manifestly the table by itself is inadequate to cope with the prob- 
lem of cleaning its own middlings. Seeing that the point wherein it 
fails is that of size, one might reason that screens could be used to sup- 
plement the separation, that is, that the fine “coal” and the coarse 
“refuse”? might be screened from table middlings and the intermediate 
sizes re-washed on the table. This method undoubtedly has much to 


“commend it over the present practice of simply re-tabling. But a still 


more promising method of aiding the table separation of middlings 
is available, that of hindered-settling classification. It reduces not merely 
the adverse size-relationship as does the screen; it actually reverses the 
groupings of particles according to specific gravity and size. Table 3 
shows a typical set of products from a four-cell classifier with ratios 
computed as before. In each cell the groupings of particles is the reverse 
of that shown previously by the table, as the following examples show: 


Table Middling No. 1, Classifier Cell No. 2, 
Ratios Ratios 
MC oat? Tnderel 38). as. cjeuels «oop eves goss 1.00 1.00 
“Tight bone,” 1-38-1.50-—. 7.62. ...% 2.00 0.73 
poenvy pone,’ 1.50-1.70...0 0255.0. .08 3.91 0.55 
CCLUSCa Merton nec ote plone += 2.38 0.34 


Inasmuch as the classifier ratios indicate that particles of “light 
bone” having diameters over 0.73 of those of ‘‘coal”’ particles can be 
completely separated from the “coal’’ in the classifier, we should cer- 
tainly expect a 100 per cent. separation, at any desired ash content, of 
this No. 1 middling, in which the “light bone” particles are twice the 
size of “coal” particles. Undoubtedly this would be possible if these 
specific fractions represented any natural divisions in the coal. But 
they do not; each grades gradually into the other. However, an excellent 
separation should be expected with the above ratios, even with the small 
average differences in specific gravity existing between “light bone”’ 
and ‘“‘coal.” 

Unfortunately middlings practically free of coarse particles of coal and 
fine particles of refuse are rarely found in practice; as a rule they show 
results of irregularities in the feed, and the like; hence the classifier, to 
be successful, must provide some means of taking care of these foreign 
materials. How it accomplishes this will appear in connection with the 
discussion of the classifier tests. 

CLAssIFICATION Trsts oF TaBLe MIpDLINGSs 

Two classifiers were used during these experiments, a small tube 

classifier and a semicommercial unit capable of handling 6 tons per hour, 


Percentage of Yield and Efficiency 
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aoe of the seuibe Setouds were offset: 
| of Tube 


each level in the column an upward curren 
suited to the character of material at that pc 


the order of their settling rate from lowest to hig’ 


sisted of tests of the No. 3 middling product shown 


tube. The results are shown in Table 4 and in Fig. 
zs, 1. The efficiencies of the separations made by ‘the 
Percentage of Ash classifiers are plotted in the form of curves in Fig. 1. 


Fig. 1.—Cuasstrinr These efficiencies are 100 times the yield of washed 


TESTS OF TABLE MID- 


coal at any given ash content divided by the yield 


DLINGS. . : 
shown to be present in the feed by float-and-sink.? 
TaBLE 4.—Classifier Tests of Table Middlings 
Tube Test 
Weight, _ Ash*, ; _ Ash,* 
Froduet—— | Per ( one | Per Cent, | ee a Cent 
_ Layer 1 18.7 8.4 18.7 8.4 
2 14.5 9.8 33.2 9.0 
3 12.7 BR 45.9 9.8 
4 | 15.5 14.1 i 61.4 10.9 
5 14.3 ulrgea| TOeC 12-0 
6 13.8 21.5 89.5 | 13.5 
7 10.5 32.2 100. 0 15.5 
Classifier Test . 
Cell 1 & 2 34.1 9.6 34.1 | 9.6 
3 28.2 12.0 62.3 10.7 
4 21.8 Li 84.1 ~- 12.4 
5 8.5 27.2 | 92.6 | 13.7 
6 7.4 . 38.2 | 100.0 15.5 
| 


i eae Le a ae ee 


* Moisture-free basis. 


Fig. 1 shows the yields of washed products of the classifier to be higher 


than those of the tube. As the tube classifier represents the best possible 


*'T. Fraser and H. F. Yancey: 
Trans. (1923) 69, 459. 


Interpretation of Results of Coal-washing Tests. 


could be supplied. The products are numbered 7 
_ The experimental work with the classifiers con- 


in Tables 1 and 2, using both the classifier and the 
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‘separation by hindered settling, these curves are, of course, misleading. 
_ Owing to the fact that the tube test was made somewhat later than the 


classifier test, it is probable that a larger proportion of the refuse par- 
ticles, which disintegrate readily, fell to pieces, thus causing the tube to 
show a lower efficiency. However, these results may be taken to indicate 
that the classifier will practically duplicate the work of the tube. 

At first glance, the efficiencies in Fig. 1 are disappointing, for the 
classifiers were only 60.0 per cent. efficient at 10.0 per cent. ash. How- 
ever, these figures include the products of cells 4 and 5, which are com- 
posed of particles beyond the hindered-settling ratios of coal, bone, and 
shale, and due to irregularities in the table operation. These two prod- 


Percentage of Yield and Efficiency 


4 8 12 16 
Percentage of Ash 


Fig. 2.—EFFICIENCY OF CLASSIFIER AS FINAL CLEANER. Crtts 1, 2, 3 anp 6 = 100 
, PER CENT. 


ucts could be re-washed successfully by the table alone; in commercial 
practice they would be returned to the table feed or possibly, in a large 
plant, re-washed on separate tables. In order to determine the efficacy 
of the classifier as a cleaner alone, these two products, by use of the data 
in Table 5, were eliminated by calculation from the float-and-sink tests 
of the feed and from the products of the classifier; the remaining feed and 
products were each made equal to 100 percent. These calculations gave 
the results shown in Fig. 2 and showed the efficiency at 10 per cent. ash 
to be 77.5 per cent. instead of 60.0 per cent. Although this efficiency in 
re-washing a middling product may be considered high, it could be bet- 
tered in practice, for the efficiencies of both classifiers were undoubtedly 
reduced by disintegration of the shale particles during the comparatively 
long interval elapsing in the laboratory between the tabling and classifi- 
cation tests. But if the figures are taken as shown, it will be evident that 
the classifier has filled an important gap in completing the separation of 
69.7 per cent. of the middlings, most of which could not have been 
re-washed efficiently on the table. 

The question now arises as to what efficiencies may be expected in 
re-washing on tables the products from cells 4 and 5, constituting 30.3 
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Taste 5.—Float-and-sink Tests of Products of Classifier 


i i ¥ , Per 

Rebar la bak Cent. Cane. pent Cont. 

Cells 1 and 2 Under 1.38 82.2 6.5 | 82:2 "625 

Weight per cent. 34.1 1.38-1.50 13.9 | 20.6 96.1 8.5 

1.50-1.70 3.5 | 32.9 99.6 9.4 

Over 1.70 0.4 | 54.0 | 100.0 9.6 

Cell 3 Under 1.38 70.1 7.2 Wen V2 

Weight per cent. 28.2 1.38-1.50 ZI a Lone 92.0] 10.2 
1.50-1.70 FRI SVTSLee HOLL A LTS 

Over 1.70 0.9 | 42.5 | 100.0 | 12.0 

Cell 4 Under 1.38 51.6 8.5 51.6 | 8.5 

Weight per cent. 21.8 1.38-1.50 30.9 | 21-3 $2.5 | 13.3 

1.50-1.70 15-3 1 3seo 97.8 | 16.5 

Over 1.70 2.201) 47.67), 100; On) alee 

Cell 5 Under 1.38 19.8 | 10.6 19.8 | 10.6 

Weight per cent. 8.5 1.38-1.50 34.1 | 22.6 53.9 | 18.2 

1.50-1.70 38.8 | 35.2 92.7 | 25.3 

Over 1.70 1.2 12 b0a0 le L00RO D2 7e2 

Cell 6 Under 1.38 LOZ | los 1.7 | 12.4 

Weight per cent. 7.4 1.38-1.50 Litt 2433 13.4 | 22.8 

1.50-1.70 66.1 | 35.9 19254) Sine 

Over 1.70 20.5 | 55.8 20.5 | 38.2 

Feed, calculated by combining all| Under 1.38 60.8 7.2 60.8 V2 

cells 1.38-1.50 21.4 | 21.0 82.2 | 10.8 

1.50-1.70 14.7.| 34.3 96.9 | 14.4 

Over 1.70 3.1 W) 52.2 | OOO aes 


* Moisture-free basis. 


per cent. of the middlings. No definite answer is possible because the 
quantity of these products was too small for tabling tests. However, 
it is significant that they were fairly well classified, as shown by the 
following ratios: 


Cell 4 | Cell 5 
Mm. | Ratios Mm. Ratios 
{6 CORE eid cnt aire cee ee ee | 1.76 1.00 PART AY) 1.00 
‘Laight DOG! 9 weit keene ia) 0.81 2.20 0.81 
* Heavy bone” tacoma 1.19 0.68 2.09 0.76 
“Refuse! 227.0 oa eee ee 0.90 0.51 1.42 0.53 
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These ratios, in the reverse order to those shown by the table, would 
‘greatly facilitate a sharp separation. Even if part of this advantage 
should be lost by combining these two products in the feed to one table, 
a better separation should be possible than in the original unsized condi- 
tion. However, as the efficiency obtainable is problematical, cells 4 and 
5 of the classifier have been regarded as final products in the comparison 
of the efficiency of the table-classifier combination with that of the 
table alone. 

Fig. 3 shows in graphical form the results of the table test alone, and 
with re-treatment of middlings. The marked increase in efficiency 


Percentage of Yield and Efficiency 


& 12 6 
Percentage of Ash 


Fig. 3.—CoMPARISON OF RESULTS OF TABLING WITH AND WITHOUT CLASSIFICATION OF 
MIDDLINGS. 


between 9.0 per cent. ash and 10.5 per cent. ash due to the re-treatment is 
shown by the following yields and efficiencies read from Fig. 3: 


Ash in washed coal, per cent..................00. O20 915 7e1000M 10.58 120 
Efficiency table and classifier, per cent........... 83.7 96.4 98.8 98.9 98.9 
Efficiency table alone, per cent.................. 77.9 88.4 94.5 98.0 98.6 
Gainsin-efticiency, Perk cent... .. . is. ere cvs se oes 5.35,-8.0 = 4.3. 0.9 OFS 
RCastATN ITE VICI MER COW Grieve aie sic se -07 98.0.6: 0.0 2 dictelaie 9) DO: 0 boi404 0055 0.8) 1053 


It will be seen from these figures that the gains in efficiencies are 
largest at the low ashes and that they decrease with increasing ash con- 
tent; the yields also show this same tendency. Even the 0.8 per cent. 
gain in yield at 10.5 per cent. ash would be worth the re-treatment in most 
plants, while the gain of 7.0 per cent. at 9.5 per cent. ash would be profit- 
able in any plant. In practice these figures would show up even better 
because of the amount of coal recovered by re-tabling cells 4 and 5 from 
the classifier. , 

These figures of increased efficiencies and yields should not be con- 
sidered as out of line with what might be expected in the average table 
plant; for sample No. 4, from a washery in which the practice was unusu- 
ally good, was shown to contain roughly five-sixths as much coal as this 
sample, although representing a cut of only 13.1 per cent. of the feed 
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as against 27.9 per cent. in the sample re-treated in this test. — These 


increased efficiencies and yields indicate that classification of a table 
middling might be applied with economic advantage in almost any 
table plant. 

It is to be regretted that no corresponding efficiencies are available for 
comparison using the table in re-washing this same middling. Sample 
No. 4 was obtained from a large table plant where the middlings were 
re-washed on tables with the idea of furnishing this comparison. Unfor- 
tunately the head-ash of the sample received for a test did not agree well 
with the average feed to the re-wash tables in the plant and so, as the 
data have only a qualitative significance, they have not been included 
in this paper. However, they indicate that the classifier alone, with no 
return of any products to the table feed, recovered approximately three 
times as much middling of the same ash content as the re-wash tables 
now in use. 

CoMMERCIAL APPLICATION 


The classifier, particularly the one used in these tests, has certain 
advantages that favor its adoption in a commercial plant, which may 
be briefly enumerated as follows: (1) it may be built for any size of plant 
from one table up; (2) it takes up little space in addition to that required 
for the tables—about one square foot of floor space per ton per hour 


capacity; (3) its products are discharged with a loss in head of less than — 


2 ft., thus permitting the clean products to be run to the same washed- 
coal elevator as those from tables; (4) it requires little supervision, being 
practically automatic; (5) it has no moving parts, all of the separation 


being effected by upward currents of water; (6) the total cost, including. 


that of re-circulating water, should not be above 0.7 cents per ton of 
middlings washed. 

Although tabling with classification of a middling will not give washed 
coals as low in ash as obtainable by preliminary classification of the feed, 


nor the increased capacity of the tables under that system, it has certain © 


advantages in simplicity of plant and in its general applicability to exist- 
ing tabling plants. 


CONCLUSIONS 


1. There is always an incomplete separation of washed coal from 
other products of the table, which makes desirable some form of re-treat- 
ment of a middling product. 

2. Table middlings are characterized by the presence of free particles 
of coal and refuse and by such relationship of size and specific gravity 
among these particles that the table alone cannot effect the separation. 

3. The re-treatment of a middling in the hydraulic classifier increased 
markedly the yield of washed coal as compared to that of the table alone 
and made it evident that the classifier might be applied with advantage 
in almost every table plant. 


- classification to treating of feed prior to 


‘inasmuch as the coal is very friable, 
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DISCUSSION 


[This discussion refers also to the paper beginning on page 250.] 


H. B. Carpenter, Pueblo, Colo. (written discussion).—So far as I know, hindered- 
settling classification of feed has never been applied to coal-washing tables, although 
in some washing methods a combination of hindered-settling and washing has been 
used as a direct means of removing impurities. 

Some coals are easily washed, because of their great difference in specific gravity, 
and the most simple plant will serve, other conditions remaining the same. In a 
coal containing light bone, separation is very difficult on account of the small differ- 
ence in specific gravity of the coal substance and light bone. 

The authors refer directly to coals 


of this n: i i Consecutive Days 
ature and their adaptation of ee erin ae eet oe ee 


tabling should be of exceptional value 
to plants that have coals of this kind. 

We operate a coal-washing plant in 
connection with the preparation of coal 
for our by-product ovens and the char- 
acter of the coal used compares closely 
with the coal used in the experiments 
described by the authors. Our pro- 
cess consists of tabling exclusively 
and includes rewashing on tables of 
middling products from the primary 
tables without primary treatment, and 
with these problems we have given 
thought to the application of a classifier 
as described by the authors, in our 
washing practice. 

In our coal-handling equipment we 
crush the coal to the desired size and, 


Washed Coal 
Ash 
Ss 


Raw Coal 
Ash 


iva 
semaine ig Sere pall 
i i Bain avai 
AH : 


Percentage of Bone in Raw Coal 


every effort is made to prevent the pro- 


s 

duction of an excessive amount of fines. 9, 

. . s ° 
The coal as delivered to our washing a 

. i wo 
tables has a considerably greater range &¢ 
of sizes than the sample used in the 5 

Li 2° 

work done by the authors, and contains © 2oh_] tas ao as 5 
approximately 6 per cent. larger than Consecutive Days 
}4-in. and 40 per cent larger than /4-in., Fg, 4.—VaRIATIONS IN COAL OVER A PERIOD 
while the coal tested at Seattle by the OF 53 CONSECUTIVE DAYS. 


authors all passed a No. 407 Ton Cap 

screen, which gives a product passing through the screen somewhat smaller than }4-in. 
mesh. This immediately brings up the question, ‘‘ What range of sizes can be success- 
fully handled in the classifier?’’. If this range is small, then our raw coal must be 
crushed to pass a No. 407 Ton Cap screen with a considerable increase in fines, entailing 


_new problems in sludge handling and drying, or the coal must be screen-sized into two 


or three sizes before feeding to the classifier, thus making a complex system of distri- 
bution to the classifier and to the tables handling the classified product. With a 
fragile coal, complicated handling and rehandling would doubtless produce an 
increased amount of sludge with its related problems. 


classifiers, the Bad ot of an pit pale ae i 
partment product is handled to a table for re-washing and to secure 
from the table, the feed must be constant. The classifier is in a delicate tage 
equilibrium and a. change in either size of feed or the amount of rock and bone preset be 
in the feed will cause a change in the amount of product from the various com: 
partments. A storage bin can be provided between the classifier and table to take e: 
of such fluctuations, but such a bin must be of sufficient size to take care of any va ria- 
tion in quantity or the resultant washed coal ash will vary greatly. That a great and “4 
sudden variation in the size and quality of the feed to our washing plant does occur, — es 
and can hardly be avoided, is evidenced by an examination of Fig. 4, attached. The — & 
curves show the variations in the size of coal, the percentage of ash and of bone in the 
raw coal, and the percentage of ash in the washed product, over a period of 53 con- 
secutive days. A study of these curves indicates a close relation between the size 
‘ of the coal as fed to the washer andthe __ 
Average of Average of percentage of bone and ash in the coal. 
Es Three Good Months Three Bad Months s The bone and rock content of ourcoal 
Bes is considerably less fragile than the . ‘ 
{ 


aioe 


55 + good coal, hence any variation of the 
4: 60 S amount of impurities in the coal as 
8 ae ® received will have a decided effect on 
5 = the size of the crushed coal. It seems se. 
10 s impossible, due to the great variation 
3 15 * in the quality of coal, to secure an abso- — 
3 ‘  lutely uniform grade of coal to our wash- 
I ah ¢ ing plant and any apparatus preceding 
: rah = our washing tables which will tend to 
Bre \ Feed > reduce these variations would result in 
= better washing practice. 
95 PRE There is also a variation from month P 


He SSS ibs ps “1100 to month in the quality of the coal 
SIO) 1 4s * : 

henipereare Ry apercene washed, which has its resultant effect 

upon our washing practice. Fig. 5 

Fig. 5a. Fia. 5b. shows the characteristics of the coal feed 


Fia, 5,—CHARACTERISTICS OF COAL FEED and of our washing practice over a per- 
AND WASHING PRACTICE OVER A PERIOD OF 3 . . 
iod of six months. Fig. 5a shows the 


MONTHS. @, QUALILYOF COAL BETTER THAN 
AVERAGE; b, QUALITY WORSE THAN AVERAGE. Curves of the feed and the tables for 


a period of three months, during which 
we e received a better quality of coal than the average, while Fig. 5b represents the 


' opposite conditions. The difference in the feed curves is doubtless due to an increase 


in the percentage of bone and rock present in the feed, which serves merely to 
move the curve for the bad months from 0.5 to 1 per cent. of ash for the same yields. 
Now if this were the only change in the coal feed, the table curves should merely move 
an equal distance with the feed curve, but it will be observed that the table curve for 
the bad months separates from its companion feed curve more rapidly with a decreas- 
ing efficiency. It will also be noticed that the sharp point of separation as evidenced 
in the efficiency curve of Fig. 5a is lacking in the corresponding curve of Fig. 5b. 
This seems to indicate that some other quality of feed has been changed along with 
the change in the percentage of bone and rock. 

In tabling an unsized feed, both size and gravity of the components of the coal 
play an important part. When a mixture of particles of different size and gravity 
are shaken together by an action such as that of a washing table, a stratification takes 
place with the heavier particles tending to go to the bottom and the lighter ones to 


of , . 
# the top. Also in such a stratification, the larger particles tend to stay on top, with 
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the smaller going to the bottom. These two factors are in conflict with each other, 
especially as regards the bony portion of the coal, which, as shown above, is some- 
what larger in size than the coal particles. Now, this bone is not heavy enough to 
cause its weight factor to overcome its size factor, and it therefore rises to the top and 
is washed off over the riffles with the washed coal. Large rock does not cause this 
difficulty, as its gravity is high enough to cause it to sink and be carried to the end of 
the tables by the riffles. This is evidenced by the results given in Table 1 (page 251) 
and is more pronounced in our own results, due to our greater range of sizes treated. 
If the classifier will yield compartment products as indicated in the authors’ Table 6 
(page 268), no larger bone will be present with coal of any given size, and the contami- 
nation of the washed coal from this source will be avoided. 

The action of the classifier is well illustrated by comparing the table curve in 
Figs. 2, 3, 4 and 5 (pages 257 to 260) with the curves on Fig. 5 (page 284). It will be 
noted that the table test on the product from classifier compartment 5, which repre- 
sents probably the portion of the feed of the highest bone content, and which is shown 
on Fig. 5 (page 260), shows about 40 per cent. yield under 9.5 per cent. ash, while 
during our best months 9.5 per cent. ash was the minimum obtained from any table 
zone. Fig. 6 (page 262) might also be compared with Fig. 5b (page 284), as the curves 
of the feed in both cases are somewhat alike. Our washing practice shows no coal 
under 10.4 per cent., the curve of Fig. 6 shows 83 per cent. of washed coal produced 
under 10 per cent. ash, thus illustrating the effect of the removal of bone particles 
larger than the coal particles from the feed. 

One feature of the hindered-settling classifier which is not mentioned by the 
authors is the ratio of the amount of water to the amount of coal. With an apparatus 
requiring all products to be floated over a discharge plate, such as this, this ratio 
will be very high and for the last compartment in which the rock is removed, the 
ratio may be as high as 50 to 1. The pulp ratio for other compartments will probably 
average 10 to 1 for a classifier treating material of the size mentioned by the authors, 
and with a coarser size coal, will probably be greater. The pulp ratio of our washing 
tables varies between 1 and 144 toland2to1. From this it will be seen that there 
is a very large volume of water to be circulated, which, however, will not be very 
difficult unless this water must likewise be clarified. 

Practically all the fines and dust in the coal feed will naturally be concentrated 
in the product from the first compartment of the classifier, hence probably the water 
from this compartment alone and the tables handling the product of this compart- 
ment will need clarification. This, however, will require a duplex system of water 
circulation, or one to handle the water which contains the sludge and must be clarified 
and one to handle practically clear water from other compartments of the classifier. 
It is difficult to keep two waters separate, especially where any rewashing enters into 
the process. In all probability, the clean water system would slowly build up with 
fine coal both from rewashing tables and from drying apparatus and also from the 
breakage of coal being handled by clean water, and which will require the providing 
of a clarification system for all the water used in the plant. While the clarification 
of water to a certain degree suitable for a washing plant is not difficult, some difficult 
factors of this kind must be considered. 

One decided advantage of classification before tabling is in the increased table 
capacity resulting from primary tabling. According to the authors, the capacity 
of the washing table is practically doubled when using classified feed. This com- 
parison of course is between a table-feed sized through a 407 Ton Cap screen and the 
same product classified. With a feed product such as ours, or screened through a 
34-in. screen, table capacity should be considerably greater than that secured by Mr. 


74 . . 
Bird on unclassified feed. The claimed advantage of increased table capacity may 
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vary with different ee and hence no absolute comparison an be 
thought in this connection is that classification before tabling - : 
in a high-grade, easily cleaned coal, as this preliminary treatment 
number of tables required to a point where such an installation mig ?P 
economical than straight tabling. Unfortunately, the authors do not make 
attempt to state the cost of this classifier, hence any discussion of such an inst ws g 
from an economical viewpoint is impossible. 

While the remodeling of a washing plant from straight tabling to a priser 
classification tabling plant involves some problems, as outlined above, none of these — 
are of sufficient difficulty to make such a change impossible, but the question is}-1* 
“What benefits would result from such a change?” Naturally, the major benefit _ 
is a reduction of ash in the washed coal product. As a basis of comparison we can 
compare our washing results as shown in Figs. 5a and 5b, with the authors’ results. 
The float-and-sink curve of this coal compares fairly closely with curves shown in Fig. _ 
6 (page 262), although our coal is probably a little better, as evidenced by the slightly _ 
lower ash at all points. No attempt is made to correct these two curves to a common 
basis, but this difference should react in a slight degree in favor of our coal. A com- 
parison of the table curve of our coal with the tabulation shown in Table 5 (page 263) 
will give us a comparison table as follows: 


Yield, For ont. ——~=«Y 28 | 60] 60] 70] 80] 85] 00] 65 [10 

Ash in washed coal, per cent.: | | | | | | | . 

Straight tablingy .<st..05 5 osneceans 10.4;10.4}10 .5)10.6/10.9)11.2}11.8)13.015.4 
Tabling after classification......... | 5.7 7.5 78 8.5 9.4 10.4 11 718 015.8 


A study of this table will indicate that the separation of refuse from the coal is 
quite clean in the straight tabling process and that it is the prevention of the con- 
tamination of the washed coal product by the high-ash bone that is a great advantage 
of preliminary classification. No washed coal is recovered from any zone of our 
tables under 10.4 per cent. ash, while in the preliminary classification process one 
small product is with 5.8 per cent. ash. Thus, if we wish to produce a washed coal of 
9.0 per cent. ash, our washing practice would show the following results: 


Washed: coal: scan, neta ies 77.0 per cent. at 9.0 per cent. ash. 
Boiler! coal. cease eee 15.3 per cent. at 28.8 per cent. ash. 
Refuseras 22h. sear: 7.7 per cent. at 58.1 per cent. ash. 


Whether the loss due to this increased amount of boiler coal would be offset by the 
increased value of our washed coal and coke due to its decreased ash content is a 
question which I shall not attempt to decide at this time. 

I wish to acknowledge the assistance of Mr. Price, Superintendent of Coke Ovens, 
who compiled some of these data. 
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Coal Washability Tests as a Guide to the Economic Limit 
of Coal Washing 


By Groree Stanuey Scort,* WiLkes-Barre, Pa. 


‘(New York Meeting, February, 1929) 


Many requests for information as to the possibility of washing coals 
to some predetermined percentage of ash or sulfur have suggested that 
the producers aim to satisfy some degree of purity set by the user of the 
fuel, rather than to attain the greatest economic benefit to all concerned. 

This paper is written to show that the highest economic purity of 
washed coal can be determined from washability studies of the raw coal, 
costs of mining and washing coal, and data on the effect of ash and sulfur 
on the value of the coal for the particular use for which it is intended. 


CokE FoR BLAST-FURNACE USE 


For purposes of illustration, we take the case of coal washed for coke 
to be used in the iron blast furnace. The method outlined can be made 
general in its application by substituting for the figures used here the 
actual operating figures for the particular case under consideration. 

In general, it costs the blast-furnace operation from 8 to 25 c. per ton 
of pig iron to slag out each 1 per cent. of ash introduced into the blast 
furnace by the coke. This figure depends on which one per cent. of ash is 
removed, and decreases with. decrease in ash. When blast furnaces and 
coal mines are considered as a whole, the figure decreases to zero and then 
becomes negative, on account of low recovery of washed coal. 

Various figures! have been given by different investigators. These 
figures necessarily differ, not only on account of the differences in operat- 
ing costs but on account of the difference in the respective fuels as well. 
For the purpose of this paper, which, as explained, is to point out a 
method of attacking a certain problem, the figures used in the exposition 
of the method are of secondary importance. It is apparent that no 
universally applicable figures can be used, because there are none. Hach 
plant has its own coal,? its own operating cost, and its own conditions. 


* Chief Chemist, American Rheolaveur Corpn. 
1R, H. Sweetser: Clean Coal. 1927. 
T. Fraser: Economy of Well Prepared Coal. Modern Mining (1927) 4, 132. 
S. P. Kinney: Blast Furnace Studies at Holt, Ala. 
2 J, R. Campbell: Cleaning Bituminous Coal. See p. 305. 
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_ The sulfur int Pe with 
pat can be reduced to base leve 3 
method proposed for ash. Blast- furnace 
maximum, 1.75 to 2.0 per cent. sulfur. Above this, 
prefer to take care of the sulfur by enlarging the ; 
the case of sulfur, therefore, the cost of removal i in the blast 
zero until the slag saturation point is reached, when the cost 
register in real money, and from the saturation point on, the cost 
removing each 0.1 per cent. sulfur ranges from 1B to 28 c. pernor 
iron, depending on conditions. ~ +4 
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Fig. 1.—WASHABILITY CURVES. 


Curve 1. Accumulative coal-ash percentage (float). 
Curve 2. Actual ash percentage. 

Curve 3. Accumulative slate-ash percentage (sink). 
Curve 4. Specific gravity. 


Average ash percentage of sample = 9.5. 


As in the case of ash, there are no generally applicable figures for sul- 
fur. For different plants there will be points of difference where the slag 
saturation point is reached, in the actual costs for removal of each 0.1 
per cent. sulfur, in mining cost, etc. 

It is thus apparent that by removal or reduction of impurities in the 
coke by preliminary washing of the coal, money can be saved in the blast- 
furnace operation. Against such savings we must deduct the cost 
of washing the coal—roughly from 2 to 5c. per.ton for each 1 per 
cent. of refuse rejected in washing (conversion cost plus washing cost). 
Although the value of a metallurgical fuel increases with purity, the cost 
of removing impurities by washing also increases, and the highest econo- 


’T,. L. Joseph: Effect of Sulfur on Blast-furnace Process. Trans. A.I.M.E. 
(1925) 71, 453. 
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mic purity of washed coal depends on the nature of the coal itself, as 
shown by its washability curves. 

The blast-furnace manager, in order to keep down production costs, 
naturally demands a fuel as low in ash and sulfur as he thinks he can get 
at a reasonable cost. The mine manager, on the other hand, wishes to 

_Teject as little of his mine output as possible. In the open market, the 

4 governing factors will no doubt be supply and demand, but where the 
“Zi coal mines and blast furnaces are owned or controlled by the same corpora- 
tion, a graphic determination can be made of the percentage of mine out- 
put to be rejected in a in order that the parent corporation may 
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Fic. 2.— W ASHABILITY CURVES. 


Curve 1. Accumulative coal-sulfur percentage (float). 
Curve 2. Actual sulfur percentage curve. 
Curve 8. Accumulative slate-sulfur percentage (sink). 
Curve 4. Specific gravity. 

Average sulfur percentage of sample = 2.20, 


realize the greatest financial benefit. The same system could be used by 
independent companies as a basis for a sliding scale of prices. 

Figs. 1 and 2 illustrate the washability curves for the coal selected 
in illustration of the method. On Fig. 1, curve 1] represents the cumula- 
tive ash content of the washed coal, plotted against weight per cent. of 
the sample, starting from the piece of lowest specific gravity and con- 
tinuing progressively to the piece of rock or impurity of the highest specific 
gravity. Curve 2 shows the actual ash of individual pieces according to 
their varying specific gravity. Curve 3 represents the cumulative ash 
content of the refuse plotted against weight per cent. of the sample, this 
time starting with the piece of highest specific gravity and continuing 
progressively to the piece of lowest specific gravity. Curve 4 shows the 
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specific gravity of liquid (abscissas) that will float the seccinee 
weight percentages of the sample (ordinates). Fig. 2 is a t 
Fig. 1, except that sulfur is substituted for ash.* 


These curves furnish an abundance of information for mara dedeee : 
plant control, and as to the possibilities of washing. For example, from 


Fig. 1, 90 per cent. of washed coal could be recovered at an ash content | 


of 4.8 per cent. There would be 10 per cent. of refuse at an ash content se 
of 53.0 per cent. The heaviest material incorporated in the coal and the © 


lightest material incorporated in the refuse would contain 20.0 per cent. 
ash. The specific gravity of separation would be 1.46. From Fig. 2 
the sulfur content of this washed coal would be 0.88 per cent. and the 
sulfur in the refuse would be 14.0 per cent. 

These curves describe a coal that is to be washed, coked, and used as 
a blast-furnace fuel. What we wish to determine is: What percentage, 
if any, should be rejected as impurity? The various factors entering the 
problem may be listed as follows: (1) cost of mining, (2) cost of washing, 
(3) cost of transportation, (4) cost of coking, (5) value of by-products, 
(6) cost of taking care of coke ash in blast furnace, (7) cost of taking care 
of coke sulfur in blast furnace. 


TaBiE 1.—Coal and Coke Percentages 


Coal : Coke 

Recovery, Ash, Sulfur, Yolptte Yield, Recovery, Ash, Sulfur, 

Per Cent. Per Cent, | Per Cent. | p er Cent. | Per Cent. | Per Cent. | Per Cent. | Per Cent. 

Raw Coal 9.5 2.20 28.0 74.0 74.00 12.83 1.90 
98 8.5 1.75 28.3 73.6 72.15 11.78 1.52 
95 6.5 1.23 28.9 Took 69.45 8.89 | 1.26 
90 4.8 0.88 29.5 72.5 65.27 6.48 | 0.91 
85 4.0 0.82 29.7 12.3 61.48 5.53 0.85 
80 3.5 0.80 29.9 72.1 57.66 4.86 0.83 
75 3.2 0.78 30.0 72.0 54.00 4.45 0.8r 
70 3.0 0.74 30.0 72.0 50.40 4.17 0.77 
60 2.5 0.72 30.2 71.8 43 .09 3.48 0.75 
50 2.3 0.70 30.2 71.8 35.90 3.20 0.73 
40 2.1 0.68 30.3 (ibe 4 28.30 2.93. |. 0.71 
30 1.9 0.66 30.4 71.6 21.50 2.65 0.69 
20 1.6 0.64 30.4 (Glee 14.32 2.51 0.67 
10 1.6 0.60 30.5 ws (ones 2.24 0.63 


In order to simplify the problem as far as possible, we shall assume 
that the value of the by-products just pays for the coking operation and 
therefore eliminates these two factors from our problem. For further 
simplification, we shall consider costs of mining, cleaning, transportation, 


‘J. R. Campbell: Op. cit., 305-7. 
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and taking care of the ash in the blast furnace separately in one part and 
the first factors in connection with the cost of sulfur removal in the blast 
furnace in a second part. 

In Table 1, various analytical figures are set up. The figures for coal 
are taken directly from the curves, with the exception of volatile matter, 
which is not shown on the curves. The coke yield shows the recovery of 
metallurgical coke after elimination of the domestic nut and breeze. 
E The percentage of coal recovered in washing multiplied by the coke yield 
j gives the percentage recovery of coke based on mine output equals 100 , 
. per cent. The ash in the coke is calculated by dividing the coal ash by 
z the per cent. yield of coke. The coke sulfur is calculated by multi- 
x plying the coal sulfur’ by 0.64 when raw, and by 0.75 when washed,® 
and dividing the result by the per cent. yield of coke. 

We shall now assume a, set of blast-furnace data, as follows: 


Labor, supplies, service, and overhead, per day:.............00-0000e0s $ 900.00 

limestone per pound.o! ash= pounds’. le, . 2c wee s cutie. cnd orke e hides a 1.8 

Cost of limestonesper ton of 2000Rb es. cea. Ss fo N.S. oleate hace 3 x arene $ 1.50 

Furnace capacity, tons of pig iron per day based on ash-free coke....... 370.00 

RALELOrCOKO,DULINN SIS CONSLAT be. ac cicus + citeige os & ARMED dle, ore, mapa anen of egies 

Fixed carbon (or 0-ash coke) per ton of pig iron, pounds............... 1500.00 

Pounds of ore per ton of pig iron, raw, natural state................... 4200.00 

Pounds of slag per ton of metal (from ore only)................-0.005- 700.00 
j Fixed carbon to melt one pound of slag, gasify the corresponding quantity 

of limestone, and form its proportional share of radiation loss, pounds. 0.225 


Limestone and ore are both free from sulfur...............00.e0ee0ees 
There is a $2 freight haul from the mines to the coke ovens, which are 


adjacent to the blast furnaces. 


Having assumed our coal and blast-furnace data, we can examine 
some of the economic considerations determined by the ash alone, which 
are set upin Table 2. It is assumed that the cost of mining a ton of coal 
and delivering it to the surface is $1.50. It is also assumed that the 
washing cost is 10 c. per ton of feed coal, and is independent of the amount 
of reject. For each per cent. recovery of washed coal (column 1) the cor- 
responding cost of the washed product (per ton) is shown in column 2. 


5 A. R. Powell: Sulphur in Coal and Coke. Proc. Engrs. Soc. Western Pennsyl- 
vania (1920) 36, 622. . 

6 J. E, Little in private conversation says: “The ratio of 0.64 for coke sulfur to 
coal sulfur is rather low for washed coal, from which much of the pyrite has been 
removed.” He suggests 0.75-0.80. 

7 It is assumed that the coal ash consists of aluminum silicate, and that the slag 
is to contain 50 per cent. lime. The composition of the ash no doubt will change 
with increasing rejection of mineral matter (See M. C. Stopes and R. V. Wheeler: 
Spontaneous Combustion of Coal. London, 1927. Colliery Guardian Co.) but it is 
assumed to be constant in order to avoid undue complexity in our problem. However, 
in actually applying this method, the composition of the ash should be taken into 
account at each recovery, as it is very important. 
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This is simply $1.50 plus $0.10 divided by per cent. recovery in column 1. 
_ The cost of coke per ton (column 3) is the cost of coal per ton divided by 


the per cent. yield of coke. For example, at 85 per cent. recovery the 
cost per ton of washed coal is: 
- 4 $1.50 + 0.10 
At the tipple, i O85 = $1.88 

At the ovens, $1.88 + 2.00 = $3.88 


and the cost of metallurgical coke per ton is ae = $5.37. These are 


the prices to be charged for the various eg of coke used in 
the blast furnace. 

The quantity of coke required per ton of pig iron produced (column 4) 
is calculated as follows: First, calculations of furnace charge show that 
1500 lb. of fixed carbon are required to produce 1 ton of pig iron from the 
assumed ore. As the ash in the coke increases from zero, increasing 
quantities of limestone are required to slag this ash and increasing quan- 
tities of fixed carbon (or coke) are required to furnish the necessary heat. 
The actual quantities of coke required are shown in column 4. The 
figures are obtained as follows: First, the ore requires 1500 lb. of carbon. 
This carbon is introduced into the furnace as coke, containing a certain 
percentage of ash. ‘This ash requires limestone and a certain amount of 
coke to dissociate the limestone and melt down the slag. This additional 
coke adds a further quantity of ash, requiring another addition of Gok, 
and so on. 

For example, at 85 per cent. recovery of coal, the smelting of the ore 
requires 1500 lb. of fixed carbon, which is introduced as coke containing 


; 1500 . 
5.53 per cent. ash. The quantity of coke = 1— 0.0553 ~ 1588 lb. 


Of this, 88 lb. is ash, which requires further coke to slag it. This further 
quantity of coke is equal to: 


A 
be eee aA pe ts ALB Se [2] 
where 
A a 2 Xb X 0.225 
2 l1-—a 
and 
2 Xa X 0.225 
Biz i 
—a 
in which 
a = percent. ashin coke + 100 
and 


b = weight of ash in 1588 lb. of coke (88 Ib.) 


8 Wentworth: College Algebra. 
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Substituting in equation 2, - Be 
, A _ 0.450 {a aes 


tt: Sie a 1—a 
0.456 
~ 1— 1.45e 
0.45 X 88 


= 7-145 x 0.0553 ~ * bb. 


The total coke required at 85 per cent. recovery is, therefore, 
- 1588 + 43 = 1631 lb. 


The fifth column of Table 2 is simply the cost per ton of coke multi- 
plied by the quantity of coke required. The sixth column is the cost of 
additional overhead per ton of pig iron, due to decreased capacity of 
the blast furnace. The sum of columns 5, 6 and 7 cover the fuel cost and 
the extra flux and overhead costs due to ash in the coke per ton of pig 
iron (column 8). Inspection of this column shows that the piel ie 
fuel lies between 85 and 90 per cent. recovery of coal. 

Thus the cost of fuel per ton of pig iron, and expense chargeable te 
fuel at 85 per cent. recovery of coal, is $4.69. With raw coal the cost 
would be $5.22 per ton of pig iron (column 8). The money loss from 
not washing this coal would be $5.22 — $4.69 = $0.53 per ton of pig iron, 
considering the ash only. 

Column 9 gives the sum of the extra expense for fuel, flux and overhead 
due to presence of ashin the coke. It is obtained by adding to the sum of 
columns 6 and 7 the cost of coke above 1500 lb. at the corresponding coke 
price in column 8. 

The figures in column 10 are obtained from Table 1, column 7, and 
Table 2, column 8, as follows: The difference in coke ash between two 
adjacent coal recoveries is divided into the difference in blast-furnace 
fuel costs per ton of pig iron (Table 2, column 8) with the corresponding 
cokes to give the value per 1 per cent. reduction in coke ash. 


Effect of Sulfur 


In Table 3, column 1, is the weight of slag produced from the coke ash 
only. This added to 700 lb. gives the total slag produced (column 2) 
per ton of pig iron. Column 3 shows the pounds of sulfur introduced 
into the blast furnace by the coke per ton of pig iron. 

Assuming that blast-furnace slag will carry safely 1.67 per cent. of 
sulfur, in column 4 are given the necessary weights of slag per ton of pig 
iron to meet this condition. 

In the case of raw coal, 1188 lb. (2360-1172) of additional slag must 
be made to carry off the sulfur. This quantity drops as the sulfur con- 
tent of the coke decreases, and at 90 per cent. recovery (in the case of 
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our assumed conditions) no increase in slag volume is required and the 
blast-furnace cost due to the presence of sulfur vanishes, and is zero from 
90 per cent. recovery to 0 per cent. recovery. 


TaBLE 3.—LH ffect of Sulfur 


1 2 3 4 5 6 7 8 
Weight of Total Bore 
Fuel Cost : 
BeriGenk! [Slag trom| Total | Coke | GIG !2 | Consider-|pAddet | Added | Fer Cent 
- ght ulfur, 167 P ing Ash #6 Ash Cost Due] 43°" ". 
Pounds of Slag | Pounds oe) LF and ee to Sulfur | on in 
ent. Sultar and Onl Coke 
Sulfur Sulfur Y | Sulfur 
Raw Coal 442 1172 39.4 2360 $ 7.65 $4.00 $2.32 $0.192 
98 426 1126 27.5 1646 6.82 3.12 1.59 0.381 
95 292 1009 PA? 1300 5.48 1.70 0.60 0.220 
90 208 914 15.0 898 4.71 0.80 0 
85 175 880 13.9 832 4.69 0.66 0 Negative 
80 153 857 13.4 802 4.76 0.60 0 Negative 
75 140 843 13.0 779 4.87 0.56 0 Negative 
70 131 833 12.3 737 4.98 0.53 0 Negative 
60 108 811 11.9 713 5.33 0.46 0 Negative 
50 99 801 11.5 689 5.88 0.45 0 Negative 
40 91 792 Bh esp | 665 6.73 0.45 0 Negative 
30 82 783 10.8 647 8.14 0.45 0 Negative 
20 77 778 10.4 623 11.03 0.54 0 Negative 
10 69 769 9.8 587 19.63 0.76 0 Negative 


* Data in Columns 1-8 are per ton of pig. : 


Column 5 gives the total fuel cost to the blast furnace, considering 
not only mining, washing, transportation and conversion costs but the 
effect of the ash and sulfur on the blast-furnace economy as well. With 
raw coal the cost of fuel is $7.65 per ton of pig iron. At 85 per cent. 
recovery, the fuel cost is $4.69. Thus, by discarding the heaviest 15 
per cent. of material, an economy of $7.65 — $4.69, or $2.96 per ton of 
pig iron, can be realized. 


Graphical Expression of Data 


The preceding data may now be summarized in graphic form (Fig. 3). 

Curve 1 represents the cost of blast-furnace fuel per ton of pig iron 
at the various washed-coal recoveries, on the assumption that the coke is 
ash-free and sulfur-free. The figures are not quite exact, because they 
were not calculated back to a constant volatile content, which would be 
the case here, but answer our purpose closely enough. 

The presence of ash, however, necessitates additional cost in the blast 
furnace. This is shown in curve 2. 

Curve 3 shows the additional cost to the blast furnace of taking care 
of the sulfur. 

‘Curve 4 shows the combined effect of all these factors. ‘The cheapest 
fuel is obtained at 88 per cent. recovery of washed coal. From the shape 


to Figs, 1 fae 2, it will He eee ire ats 
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Fig. 3.—SUMMARY OF COST DATA. 


Curve 1. Cost of blast-furnace fuel per ton pig iron at various Wachee oe 4 
recoveries, assuming coke ash-free and sulfur-free. 

Curve 2. Additional cost due to presence of ash. 

Curve 8. Additional cost due to presence of sulfur. 

Curve 4. Combined effect of all factors. 


If the figure of 1.8 per cent. sulfur, specified by the A. 8. T. M. as 
a limit, were taken as the mark to shoot at in this case, the recovery of 
washed coal would be about 95.5 per cent., and the net cost of fuel to the 
blast furnace $5.55 per ton of pigiron. The cost per ton of coke would be 
lower at 95.5 per cent. recovery than at 88 per cent. recovery, of course, 
but the blast furnace would spend the difference and 87 c. more per ton of 
pig iron in order to keep the sulfur out of the iron. Too good a salesman 
at the head of either department could, under certain conditions, become 
an expensive man, with even the best of intentions. Cooperative study 
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of the coal-washability curves should certainly prove worth many times 
the cost of the time spent. 
Numerous numerical data have been assumed in this paper. It is 


_ hoped that those figures approach closely enough to average working condi- 


tions to give some idea of the order of magnitude of the various economies 
involved. It is again pointed out that in this paper the actual numerical 
values of the figures are of secondary interest only—that the method of 
applying them is the subject of this paper, and the correct figures for 
any specific case should be readily obtainable. 3 
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DISCUSSION 


A. C. Fratpner, Washington, D. C.—This paper should serve as a starting point 
for an interesting discussion because what we need in this age of tremendously rapid 
development in coal preparation is a systematic study of methods whereby we can 
evaluate the different characteristics of a coal for the purpose for which it is to be 
used. This could be developed further. For example, we should make certain tests 
on the different float-and-sink fractions. Such tests might include the fusibility of 
the ash of the different fractions in order to indicate whether the coal after it is washed 
is going to give more or less trouble from clinkering. 

We have been doing some work at the Pittsburgh Experiment Station of the U. 8. 
Bureau of Mines on the fusibility and the composition of the float ash and the sink 
ash, and the relation of that composition to the unwashed coal. Some coals give a 
washed product with less fusibility than the raw coal, others with a greater fusibility, 
depending upon the impurities present. 

Professor Parr and Dr. Powell have done some valuable work in showing how to 
determine the relative amount of organic and pyritic sulfur in coal, important infor- 
mation in coal washing. Recently some work has been done toward devising a 
method to determine the percentage of fusain, mineral charcoal, in coal, since it may 
influence the quality of the resulting coal or coke. The paper by Marshall and Bird® 
on agglutinating value shows a further factor that can be used in correlating informa- 
tion on the properties of the coal. 

Even the ash of a coal is important. Cobb, in England, has shown that if you add 
iron oxide to coal, and then make coke from it, its reactivity increases. Other sub- 
stances have special effects and no doubt the composition of the ash has some influence 
of thiskind. All of these should be tied up with our float-and-sink tests for evaluating 
coal when studying its washing properties and the utilization of the washed material. 


J. B. Morrow, Pittsburgh, Pa.—It is perhaps premature to say too much about 
the presence of fusain and mineral carbons in coal, although we have done consider- 
able work on it in the last two years. We started this work on the Pittsburgh Seam 
while making size tests of the coal for washing purposes. These sizes were as follows: 


9 See p. 340. 
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4 by 2, 2 by 1, 1 by 36 and 3¢ in. by 0, the latter size being split up into the pad 


ctondard screen tests down to 200 mesh. In making these tests we made gravity 
separations on all the sizes, at three or four specific gravities; that is, somewhere 
around 1.30 to 1.60 sp. gr. and higher. sees 

- In all cases, it was our endeavor to determine the quality of the low-gravity frac- 
tions for high-grade metallurgical purposes, the middlings, and the rock end on each 
sizé-of coal. | We not only tested the products for ash and sulfur but also for the fusion 
point of the ash and the complete analysis of the ash. In other words, we endeavored 
to find out the true character of the coal seam. 

In that investigation we found that in the Youghiogheny’. Hives’ mines the 4 by 
2 in. coal at 1.3@ sp. gr. had an ash fusion point of approximately 2750° F.; the 2 by 1 
and 1 by 34 in. coal about the same. On the 3¢ in. by 0 coal at 1.30 sp. = we found 
the ash fusion point was approximately 2250° F., considerably lower than the top 
sizes. The complete analysis of the ash showed a "much higher lime content on the 
fine coal than on the. coarse coal at 1.30 specific gravity. 

In order to fix the responsibility for the lower fusion point of the aves in the fine 
‘sizes we took actual fusain samples, which at first were a little difficult to find. In 
testing the fusain, we found that it had a melting point of approximately 2100° F. It 
was also rather surprising to find that the lime content instead of running about 9 per 
cent., as it ought to run on 1.30 sp. gr. coal, had increased to 50 or 60 per cent. In other 
eondas the extremely high content of the lime had the natural effect of lowering the ash 
fusion point. Further investigation showed that when the 28-mesh coal was removed 
from the 3 in. by 0 size, the clean coal had the same fusion point of the ash as the coarse 
coal. In other words, it was not the character of the coal itself that had aay ie to 
do with lowering the melting point. 

The presence of fusain, therefore, is an erinctate factor i in hs by-product oven, 
making domestic coke, which demands high fusion point ash. 

_ At one operating plant, we are removing the minus oe mbaleelal! from the low- 
gravity coal and putting it into the secondary coal product; that is, we do not put it 
into the metallurgical coal that is specified to be shipped as a strictly high-grade coal. 

The work that has been done in England has also shown that the percentage of 
fusain taken from the dust of a dry cleaning plant, collected in a Cyclone dust collec- 
tor, runs as high as 42 to 54 per cent. ; 

One of the chief benefits of a paper like Mr. Scott’s is in helping those of us who are 
endeavoring to clean coal for certain markets and certain uses to find out exactly 
what the consumer wants, what the value of clean: coal is to:-him; that is, coal free from 
ash and as low in sulfur as it can be made and with the fusain reaieely It is a serious 
problem we sometimes have to solve. The term ‘‘clean coal” is much abused. We 
have talked and written a great deal about it in the last three years and yet if you ask 
the very simple question, ‘‘ What is clean coal?” today, you will probably get as many 
answers as the people you ask.. What does it really mean? Is it coal free from ash 
or just reasonably free from ash? 

For instance, I have seen railroad contracts that said, ‘‘The oven producer agrees 
to furnish to the consumer a coal reasonably free from ash, sulfur and extraneous 
matter.” What is ‘‘reasonably free?” Those are the points that we in the producing 
business would like to know. That is what is wanted and is the reason why a paper 
like Mr. Scott’s is of real value at this time. If we can find out what is actually 
wanted and how far we can go in coal preparation, there are ways and means of 
doing it. 

There is no question but that we are removing a very larae percentage of the sii 
because it is extremely soft and degrades easily into fines below. :28 mesh, 4 as ihe 
coal goes through the preparation plant. There is another peculiar eae about 
fusain. We have found that the burning of fusain dust is entirely different from the 
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burning of a true coal dust. On the construction work of one of our preparation 
plants we dropped hot rivets on the tipple floor that was covered with 3 or 4 in. of coal 
dust. The dust became hot and when it was kicked around there was a tar deposit 
underneath. There was no odor to it, but on testing the stuff we found that there 
was a concentration of fusain. We eo worked up some data showing that in certain 
parts of the seam the percentage of fusain averages about 314 per cent., varying from 
0.7 per cent. in one place to about 7 per cent. in another. 

The subject of moisture in coal is one that everybody seems to like to avoid. We 
talk about cleaning coal or washing coal but we do not like to talk about moisture. It 
seems to me that this should be brought out in the open and talked about, just like ash, 
sulfur or-any other constituent. We hear of both the dry cleaning and the wet clean- 
ing plants not being able to operate on account of moisture. The dry cleaning plant 
naturally has everything in its favor to put out dry coal. If we look into the subject 
from the standpoint of actual facts, what do we find? One thing we find is that after 
a spell of wet weather in the Pittsburgh Seam, where the cover is light, the mines are 
wet. In the spring of the year many of our mines aredamp. We have found in the 
last few weeks that in many places we are actually producing practically as dry a coal 
from the wet plant as we are from the dry plant, on the size 3¢ in. by 0. 

After all, what difference does it make if the coal is cleaned dry or wet if the ulti- 
mate moisture in the market product is the same? We have found that on the dry 
plant the minus 3¢-in. coal varies on samples taken every 2 hr. over a whole month’s 
period, from 3}4 up to 8 per cent. moisture, averaging about 5!4 per cent. moisture 
during the spring of the year. On certain bad days, after rain or snow, it will go up 
to about 6.2 per cent. moisture while at the same time the moisture in the wet plant 
averages between 5 and 6 per cent. on the same size coal shipped to market.-_ We have 
actual tests on cars shipped from the wet plant as low as 4.5 to 4.7 per cent. moisture. 
We have taken the minus 3¢-in. coal from the wet plant in cold weather and have held 
it in cars for perhaps a week. . Then we have taken the cars to the car dump to find 


out the effect of freezing in the car. We get the wet washed coal down to 5.5 to 5:7 


per cent. moisture and after lying in the yard a week, it will dump just-as easily as the 
incoming mine run coal. In:cold weather, one of our griefs at the Champion:plant; 
where the coal comes in from five different mines, is the actual dumping of the car, as 
the hopper will perhaps freeze from 6 to 18 in., sometimes more. If the car has:been’ 
rained on in transit the water will run down, the top of the car being coned out, and in 
some cases we have had to hold.a mine-run car as long as 12 hr: in order to get the 
coal out. ¢ 

One remark was made here Riou hand preparation as compared with mechanical 
separation. We have done considerable work on taking samples of clean coal on 
standard. methods of hand preparation. We have found that the hand-prepared 
clean coal 4.-by 2 in, contains from 0.7 up to 5 per cent. of impurities at 1.60 sp. gr.: 
Yet, it all goes.on the market as clean coal. Again I ask, “‘ What is clean.coal?” 
Is it coal containing 1, 2 or 3 per cent. of rock or shale? That is something we would 
like to know and we would like to see standards set up that will be a practical guide to 
those of us who are-in the preparation business.and who are endeavoring to serve the 
consuming public with. the highest grade product it is possible to produce under 


economic conditions. 


G. W. Evans, Seattle, Wash.—We have on the Pacific Coast, Vancouver Island, 
the State of Washington, parts.of British Columbia, also in the Crow’s Nest, Pass 
District of Alberta, large areas of coal that could not be marketed in the raw state 
unless they were cleaned. 

About four years ago in the Crow’s Nest Pass, in-a very large deposit of-coal, 
ranging in thickness from 450 to 650 ft. between wally at Corbin, B. C., the Plea 


coal and impurities were terribly intermixed. There are five or six] 
in what is known as Coal Mountain and because the coal was erra' 


owners lost the big contract with the Canadian Pacific R. R., the biggest custo fe 
that country. They sent for me to make an investigation. I advised cleaning the © 
coal by water. . eect | 
We designed a small plant, a trial plant, at a cost of $32,000, and after the plant — 
was built, during a strike, some very able Canadian mining engineers told me that the 
experiment we were about to conduct was absolutely impractical, that we could not — 
possibly wash coal in the Crow’s Nest Pass and get away with it. Temperatures go as 
low as 55° below zero there and stay there for two weeks at a time. The Canadian 


Pacific had spent $1,000,000 at Hosmer and a great deal of money at Bankhead. — 


Also, a French company had spent much money at Lisle, in Alberta. : 

We operated the plant during severe weather of 42° below zero and as a test of 
shipping the coal (and that is one of the biggest tests), we shipped a carload to Regina, 
coal that had been washed by water from 34 in. to 4in. It was on the track nearly 
two weeks; the thermometer registered 20° below zero; and when they opened the box 
of coal at Regina they found that only a little of it had frozen to the doors of the car; — 
the rest was absolutely unaffected. e 

We had no trouble in cleaning the coal. We had not a particle of trouble in ship- 
ping it. We got bold, then, and put in two more units and went down to }4in. We 
washed successfully from }4 to 4 in. The coal coming from the mine ran between 
5 and 6 per cent. moisture, surface moisture, and by by-passing the coal from }4 in. 
down, putting through a heat dryer and mixing it back with the washed coal we never 
had one particle of trouble. 

The plant we designed burned down July 3 last year. We have rebuilt the plant 
but we are going to try out an air table for the small sizes, from about 4 to probably 
34 inch. s 

After observing the air-cleaning plants in four or five places in the Crow’s Nest Pass 
I concluded that air for certain sizes is very inefficient. J. B. Morrow made a trip 
up there and he and I both saw in one of the dumps of one of the mines 35 or 40 per 
cent. high-grade combustible coal in the refuse. Of course, that was not the larger 
sizes. They have corrected some of those mistakes by this time. But we have proved 
absolutely that coal can be washed in temperatures that run as low as 30° to 45° below 
zero; and with all due respect to my air-cleaning friends, I would not attempt to use 
air on anything over } to 5¢:in. ‘There are probably sizes under certain conditions 
where air can be used, maybe from 5¢ to 3¢ or to 4 in., but from }4 in. down you are 
simply giving the coal a ride; there is not any real cleaning. At least, that is the 
experience I have had in the Northwest. : 

Water must be used to make a separation from there on down, and I would say 
that with the Carpenter dryers, which I have seen operated in Colorado, and if 
necessary, in shipping long distances, if the fines are put in heat dryers of some kind 
(we have two at Corbin now, two A-14 Ruggles coal dryers that are handling from 
}4 in. down) coal can be cleaned with water under any conditions, both as to 
operating the plant and as to shipment, if you want to put in the equipment. 


C. M. LinGLE, Nemacolin, Pa.—I would like to know what Mr. Evans washed 
that coal with, so that it would not freeze at the temperatures mentioned by him. 
G. W. Evans.—Water, but properly handled. 


G. 8. Scorr.—Some of you undoubtedly think that this paper is of the grade of an 


elementary textbook. I agree with you, but that does not mean that it has to 
stop there. 


. Practical coal washability curves can be worked out and additional. factors 
included, as the specific case may demand. ‘Two or three people have mentioned the 
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moisture factor. That is a question which I believe can some day be measured and 
put right in with a set of cost data such as we have in this paper. Until that time, it 
should be considered as a qualitative proposition. I believe this method will serve 
as a starting point for calculating how to get the most money out of a raw coal. 


A. ALLEN, Chicago, Ill—The discussion this afternoon has emphasized the advan- 
tage of uniformity in the product of a cleaning plant. The ash and sulfur content in 
most cases is not so important as its uniformity day after day and month after month. 
Furnace practice and coking practice must both be based on a uniform standard of 
quality. The absolute requirements as to ash, sulfur, volatile, etc., can be obtained 
by mixing provided the quality of each ingredient is uniform. 

With this idea in view, we recently worked out a problem for the Youngstown 
Sheet & Tube Co., in its effort to obtain a coal of uniform quality from a mine in 
which ash and sulfur varied greatly in different sections. This preparation was con- 
sidered essential as a preparatory treatment in connection with a coal-cleaning plant. 

In working out this problem, the officials of the mining company had determined 
very accurately the sulfur content in the different sections of the mine and the sched- 
uled operation of the property is such that the trips recur in a cycle of about 214 hr. 
It was, therefore, determined that any device to accomplish a mixing of the coal so 
as to secure uniformity should take at all times a regular proportion of all coal pro- 
duced during a 2)4-hr. cycle. 

The mine capacity on an 8-hr. basis is practically 12,000 tons, and a bin was 
designed to hold a little more than 6000 tons. In this way storage would be provided 
for a cleaning plant of 6000 tons capacity to operate 16 hr. per day when the mine 
is running at the 12,000-ton rate. 

In order to pravide proper bedding and mixing, the bin was constructed aie a 
sloping bottom mounting feeders at frequent intervals throughout its length. The 
slope of the bottom was such that the amount of coal contained in the rectangle 
determined by the maximum ordinate and length would be filled in not to exceed a 
2-16-hr. run. 

In operation, the coal is laid down to a level line entirely covering the slanting 
bottom, and when this has been accomplished, the coal is spread in uniform layers 
throughout the length of the bin by means of a horizontal belt conveyor and an auto- 
matic traveling tripper running the length of the bin. Ten feeders on the inclined 
bottom of the bin are then set to deliver each one-tenth of the product required, and 
the result is that a uniform proportion from every layer of coal laid down in the pre- 
ceding 214 hr. is drawn off at a uniform rate, which should give an absolutely uniform 
mixture. It is then intended to clean the product down to a satisfactory ash and 
sulfur content. It may be noted also that this bin will give a uniform mixture as to 
sizing, which is, of course, almost equally important in handling the washing problem. 

Another design has been prepared to meet a similar problem arising in almost any 
coal-cleaning plant, where it is usually necessary to handle coal produced from the mine 
at a variable rate of hoisting, and with considerable variation both as to sizing and 
quality. It is essential to run a cleaning plant of any type at as uniform a rate as 
possible. Starting and stopping the plant disturbs the cleaning operation and produces 
bad results. It is, therefore, the function of the raw bin back of the coal-cleaning 
plant to store sufficient coal to iron out the peaks of production and to feed to the 
cleaning plant a mixture containing as nearly as possible the same proportion of 
different sizes and the same quality of coal. In a commercial mine this must be 
accomplished with a minimum amount of breakage. 

In order to solve this problem, we have designed a storage bin of rectangular 
cross-section inclined upward from the discharge point at an angle which will permit 
the flow of material down the bottom. The rectangular cross-section is modified at 
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the discharge point: by valleys which bring the coal to a feeder. This bin is filled by a 


drag conveyor which runs up the inclined top of the bin. If the bin is empty, coal 
from the drag conveyor simply flows for a short distance down the end of the bin into 
the feeder and if the bin is full the coal pulls over the coal and rolls down the end of the 
pile. If the bin is normally kept half full, the reserve will be a floating storage with 
minimum breakage and a considerable mixing effect in that the coal is laid down in 
inclined layers on the end of the pile and drawn uniformly from the entire area of 
the bin. 


In this case we have designed the conveyor with a flat V-trough and flights; 


only the middle portion is open to discharge coal and in that way we avoid most of the 
abrasion that would occur if the entire width of the conveyor were pulled over the 
coal pile. bib ahnn 
Where it is desired to mix radically different coals, as, for instance, in case of a 
single cleaning plant for two or more mines, several similar bins can very easily be 
arranged in series so that each of them will discharge through its own feeder a definite 


proportion of coal on to a common conveyor which feeds the cleaning plant. This — 


conveyor would of course be inclined at the same angle as the bottom of the bin. 

I mention these cases here to show that there is a considerable amount of work 
being done on the question of uniformity and that it is possible to design a storage and 
mixing bin of large capacity in which the breakage through dropping the coal and 
grinding under the weight of the pile will be reduced to a minimum. 


G. A. Orrox, New York, N. Y.—In my own practice I have been more interested 
in the cleaning of coal for use in the making of steam, either in powdered form or in 
work on a stoker, and what we are after there is the same thing that you are after in 
the coke oven. You want uniformity of product and uniformity of analysis as nearly 
as possible. 

We have had a great deal of trouble with sulfur and those troubles have come not 
so much from the total amount of sulfur as from the form in which the sulfur is in the 
coal. I doubt very much if combined sulfur can be washed out or cleaned from coal 
by any ordinary process of cleaning. Any sulfur that is in the gangue can probably, 
if the coal is crushed fine enough, be washed out, but the combined sulfur will probably 
stay in the coal, and it is usually the combined sulfur that gives us the most trouble. 
Once in a while when we get a combination of iron sulfide in the coal, that is another 
thing, but that can usually be washed out. 

. Variations in. the coal that comes to us are remarkable. One mine from which a 
good many tons were shipped to us every month had been very satisfactory. The 
coal had been reasonable. The analyses had run along with rather good uniformity 
for a number of years, then suddenly the coal that came in on one cargo fused up, 
blew off the grates and went up the chimney in bubbles, glass as it were—little cir- 
cular glass bubbles something like the cenospheres that we talk about in powdered coal. 

We looked at our analyses and there was nothing wrong with them. We took 
analyses of the seam from top to bottom and nothing was wrong. This thing con- 
tinued for about two weeks and then it ceased entirely. We have yet to find out the 
cause of that nonuniformity in that particular seam of coal. 

I know of another case where there are three shafts on one seam within a com- 
paratively few miles of each other; in fact, the underground workings on two of these 
shafts are connected by a tunnel, The coal from the three shafts varies in quality—in 
quality but not in analysis. The coal from two of the shafts can be burned on stokers 
with comparatively little trouble. The coal from the third shaft clinkers and gives so 
much trouble that we receive little coal from that mine. 


W. L. Remicx, New York, N. Y.—I should like to ask the author whether he has 
ever standardized on the use of the two terms “‘yield” and “recovery,” and just what 
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his definition is. There seems to be an infortanate confusion in the minds of some 
people as to what those two terms mean. 


cee S. Scorr.—In the first case, we use “‘recovery per cent.” That i is in n Table hs 
page 290, column 1, “‘Recovery Per Cent.” That is recovery of washed coal, or 
recovery of clean coals in washing, and that column is the base line. Everything 
refers back to per’cent. recovery of clean coal. 

Under coke, I have ‘‘ Yield Per Cent. of Coal.” That isin Table 1, column 5. I 
believe that corresponds to what is considered generally yield of coke; that is, of 100 
tons of coal put in the coke oven, these figures come out as coke. 

Then the second column is a sort of invention, ‘ ‘Recovery Per Cent. of Coke.” 
This ties the yield of coke with recovery of washed coal. 

In other words, any figure in column 1—for example, 70 per cent. recovery of 
washed coal: when Ghat 70 per cent. recovery of washed coal is coked, 100 tons of the 
washed coal will give 72 tons of coke, and those 72 tons of coke or 72 per cent. yield 
of coke times 70 per cent. recovery of washed coal will give per cent. recovery of coke, 
50.4. Itis that second recovery of coke which may be a little confusing, and it is a) 
in that sense. 


W. Tippy, Swedeland, Pa. (written discussion).—I am sure we will all agree 
with Mr. Scott that the problem of coal washing should not be considered from 
the viewpoint of obtaining a low ash and sulfur alone, but from the economic value 
of the washed coal compared with the raw coal in use. 

In dealing with such a question, as applied to the coke-oven and blast-furnace 
industry, coal washability tests do assist in determining the nature and value of the 
washed product, although the method of procedure must necessarily be different for 
each coal under discussion. 

Due to this apparent individuality of coals, I feel that Mr. Scott should have 
included the following additional features in order to obtain a more complete formula 
for the economical study of this question. 

li. Effect of increase of volatile matter in washed coal on coking properties— 
partcularly the high-volatile coals (from 30 to 35 per cent. volatile matter). 

Two coals washed to the same ash and sulfur content will not necessarily have the 
same coking properties as the raw coal from which they were produced. In coking 
practice it may require in one case an increase in low-volatile coal used in mixture, 
to make a desirable blast-furnace coke, whereas the other washed coal may give an 
entirely satisfactory product. With such a condition existing in the industry I 
consider this point must be given consideration in determining the full economical - 
value of washed coal. 

2. The question of increased moisture in washed coal. 

This higher moisture content of washed coal not only increases the cost of coal 
delivered, but in winter months increases labor charges for unloading and at all times 
has a decided effect on amount of coal charged to by-product coke oven, with the 
consequent change in heat balance and decreased output of coke and by-products. 
The latter subject was discussed by Dr. E. Dubois,!° although he dealt with higher 
moistures than that which the modern washery is marketing today. 

In Dr. Dubois’ remarks on the influence of the water content of coal and coke 
on the gas-making process, the first point considered is the influence of the moisture 
in the coal on the throughput through the ovens. It was found that the addition of 
10 per cent. of moisture to the coal had the effect of increasing the heat consumption 


10, Dubois: Der Einfluss des Wassergehaltes von Kohle und Koks auf Ofenleis 
tung und Ofengarantien. Gas und Wasserfach (1928) 71, 793. 
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to a material amount and also of prolonging the carbonization period from 12 hr. 
to almost 15 hours. ; 

The influence of the moisture content in the coal on the underfiring process was 
also considered. It was definitely proved that the moisture in the coal has a very 
important effect on the underfiring process and hence on the efficiency of the ovens, 
which will not attain specified efficiency unless the moisture in the coal is properly 
controlled. Heat must also be consumed in driving out the moisture in the coal and 
this is wasted heat. 

The influence of moisture in coke used for underfiring is also considered and detailed 
figures are worked out in this case as well as in the two previous cases. It was 
proved that not only has the moisture in coal a marked influence on the throughput 
~ of the oven but also that this influence is twice as potent on the gas output of the 
ovens. Furthermore, when coal with a high moisture content is used for underfiring 
the ovens, the built-in producers must be much higher than when gas is used for this 
purpose. It is also pointed out that the tests made were limited to a maximum con- 
tent of 10 per cent. of water in coal. Many curves and tabulations are given in the 
original article. 

As Mr. Scott’s article primarily deals with coal and coke for blast-furnace use, 
I have limited my few remarks to this feature of the study. 


the Heseabikiey of a given Sea $64 measuring ‘the 

nce of coal-cleaning equipment, is constantly increasing. Ear- 
tes by the author on this subject are amplified in this paper, because 
elieves that better preparation of bituminous coal is a partial solution 
the coal operators’ troubles. _ + 


WaAsHABILiry STUDIES 


Ee > “The term“ cpaceanliy? of coal was coined when washing was the 

__ universal method of separating coal from its impurities by utilizing their 

difference in specific gravity. This and analogous terms are still used — 

in their broad sense although pneumatic or air separation is now used to 
clean coal. These terms are so used in this paper.’ 

Too much time or money can hardly be spent on “feed surveys” 
to get a ‘‘picture”’ of the coal that is to be cleaned. There have been too 
many “rule of thumb” methods used. Screen analyses and “‘sink-and- 
float’ tests on the raw coal enable the coal operator and washery man to 
predict within reasonable limits the results that may be expected from 
any efficient cleaning apparatus. 

The sizes to be examined to get the picture are optional to the investi- 
gator. In modern wet washing, the range is from 4 to 0 in. Hand- 
picking on properly constructed belts is perhaps the standard for cleaning 
above these sizes. A good picture of the coal may be obtained by the 
following screen analysis: 

314 to 1 “4 in. 

14% to! a in. 

X% to 54¢ in. 

54g in. to 14 mesh 

14 to 28 mesh 

28 to 48 mesh 
and for very complete data on the fines: 

48 to 100 mesh 

100 to 200 mesh 

and through 200 mesh 


a -_ 
‘ . oe P ors 


* Bituminous Representative, American Rheolaveur Corporation. 
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the. different gravities and a pe ar The 
is calculated into the cleaned coal results in its original 
flotation is being considered as an adjunct. me S 

The range of gravities used in testing is important ni may star’ ait 
1.30 and end at 2.00. The lower pies will show the epi ash a 


to aerernane the character of the intermediates, blag a: ties s middling 
or bone product, which is very often the cause of much grief. ; m 
The washability of any given coal is directly determined by the aT 
washability curves thus set up. Interpretation of the curves is highly 
important. (This will be discussed later somewhat in detail. Here it 
will suffice to point out that sharp breaks in the curves tend to show a 
good washing proposition at the gravity where the break occurs. 
The break shows a small proportion of tonnage within a wide gravity 
range.) Another factor in the washability study, always well recognized, 
is the effect of crushing for liberating the impurities, especially in 
metallurgical coal. ia 
In the following typical examination of coal, an attempt has been 
made to cover all the salient points. For the most part, the set-up is 
self-explanatory. 


‘a 
, 


Washability Test Procedure 


The total sample is quartered so that it can be conveniently handled 
and is then sized over standard screens. Each of these sizes is then 
tested separately. A sample of sized material is first put into a liquid 
having the lowest specific gravity of any of the liquids to be used. This 
separates the sample into two portions, one floating and the other sink- 
ing. The portion that sank in the first liquid is then put into the liquid 
of next higher specific gravity in the range selected and is thereby again 
separated into two portions. This procedure is repeated ‘until the last 
portion of the sample is floated in the liquid of highest specific gravity that 
is to be used. 

Each of the portions separated is washed, if inorganic liquids are 
used, dried and weighed and a sample of each, after thorough grinding 
and mixing, is analyzed for ash and sulfur. 

The results of the sizing test are tabulated to show the screen analysis 
with the ash and sulfur content of the respective sizes. (Fig. 1.) 

The results of the respective float-and-sink tests are tabulated on the 
form accompanying each washability curve. (Fig. 2.) The columns 
giving weight per cent. and ash or sulfur per cent. give direct test data. 
The cumulative weight and ash or sulfur per cent. columns, both float and 
sink, are obtained by the usual calculation of cumulatives. 
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Graphic Picture of Total Sample 


In order to get a general idea of the character of the sample, the sizing 
is plotted graphically as represented by the sizing curve, the ordinates 
being linea] aperture of screens and the abscissas representing cumulative 
weight per cent. (Fig. 1.) Likewise, the distribution of float-and-sink 
fractions in the different sizes is plotted with weight per cent. of gravity 
fractions as ordinates and the mean point of each size fraction as 
abscissas. In like manner, the ash and sulfur of each of the sizes is plotted 
as an ordinate and the mean point of each size fraction as abscissa. As 
will be seen, this curve gives a very complete picture of the raw coal and 
indicates where the impurities lie and something of their character. 


Washability Curves 


The float-and-sink data with analyses are then plotted on the corre- 
sponding washability curve with ordinates and abscissas as noted on this 
form. ‘The curves then represent the following information, regarding 
either ash or sulfur, with an ash curve taken as an example. 

Curve 1, which is the cumulative float ash per cent. curve, represents 
the variation of ash per cent. according to the recovery. 

Curve 2 represents the variation in ash per cent. of the material with 
variation in gravity at which separation is made. 

Curve 3 represents the cumulative sink ash per cent. according to 
the same recovery as Curve 1. 

Curve 4 represents the variation of recovery according to specific 
gravity. 

If a certain recovery is chosen, a horizontal line drawn at the point on 
the ordinates representing this recovery cuts Curve 1 at a point repre- 
senting the average ash per cent. of the total float coal; Curve 2 at a 
point representing the ash per cent. of the heaviest piece of material left 
in the float coal, and likewise the lightest piece of material left in the sink; 
Curve 3 at a point representing the average ash per cent. of the total 
sink; Curve 4 at a point representing the specific gravity required to 
effect the separation shown by the corresponding points on Curves 1, 
2 and 3. 

In this set-up of washability studies there is an Elkhorn coal complete 
in all sizes and all gravities with a composite; on the Pittsburgh or 
No. 8 seam, a composite from 54g in. to 48 mesh, both ash and sulfur; 
and on the Lower Kittanning, a composite from 2 in. to 48 mesh, both 
ash and sulfur. All of the tests were made by the American 
Rheolaveur Corporation. 

The Elkhorn curves (Figs. 2 to 6) show the possibilities of washing 
unsized coal from 4 to Qin. The composite (Fig. 5), which goes from 4 
to 54g in., gives a picture of what may be accomplished in the way of ash 
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% By Size 


Fig. 1.—WaASHABILITY CURVE FOR 4-IN. MODIFIED ELKHORN SEAM, LETCHER 
Country, Ky. 


Jo Jo 


Tests on 4-1n. Mopirtep rromM ELKHORN SHAM, LetcHerR County, Ky. 


1. Sampling and Peculiarities of Sample: 


Coal is fairly hard and tends to breakin blocks. The rock is grayish, conchoida] - 
and fairly hard. 


2. General Data: 3. Sizing Tests: 
. Sul- | Weight 
a Weight, Weight, | Ash, fur, Per 
Denomination ihe er Per Per uiGenteat 
. Cent. Cent. Cent. | Sample 
! | 
Date sample taken or received: || Over 4in............ | 55.75 8.41 |} 12.10 8.41 
Total weight of sample: 663 Ib. |/4¢o 2in............ 138.00 | 20.82 | 7.24 20.82 
Moisture per cent.: —- —- - — -|- - 
Volatile matter, per cent.: 36.5* || 2 in. to 0............ 469.31 STONE i 11.64 
shah carbon, per cent.: Total and average....| 663.06 | 100.00 | 10.76 
ur, per cent.: Serer Sa. 
*On 13 to 14 sp, gr. frao- || 2t0lim.........2.. |_36.625| 20.42 | 11.16 ‘ 20.84 
tion of $6 in. to 14 mesh size. || 1 to 5{6 in.......... 52.750) 42.36 | 11.81 29.99 
Sie un. tol: secure 35. 125| 28.22 | 11.85 


Total and average. ae 


Through 5, in......| Grams 

Over 14 meshf...... 1399 71.84 | 10.70 14.32 

Through 14 mesh7.. —e n'y 
Over 28 mesh....... 230 11.82 | 13.20 2.36 

Through 28 mesh... ie = - 
‘Over! §48 mesh), 255 ELS Oe 13.90 1.41 

Through 48 mesh... tea 

Over 100 mesh....... 90 4.63} 0.92 

Through 100 mesh. ..| af =] 

Over 200 mesh....... 45 2.31} 17.40 0.46 

Through 200 mesh...) 46 2.36} 0.47 


Total and average.... 1947 100.00 11.85 
Grand total and aver- | _ ; < 
BEC. Gon Ste eerste 10.76 100.00 


t 14 mesh is equivalent to 1-16 in. round hole screen. 


e 


J. R. CAMPBELL 309 


“Weight % of Sample 
Weight % of Sink in Sample 


0 10 20 30° 40 50 60 70 80 90 100 Ash % 


Specific Gravity 1.4 1.5 1.6 17 1.8 1.9 2.0 21 


- Fig. 2.—FLOAT-AND-SINK TESTS ON 4 TO 2-IN. HLKHORN COAL. 


Curve 1, cumulative coal-ash per cent. (float). 

Curve 2, actual ash per cent. 

Curve 3, cumulative-slate-ash per cent. (sink). 

Curve 4, specific gravity. 

Average ash of the sample, 7.2 per cent. 
FLOAT-AND-SINK Trests oN 4-1In. Mopirrep rroM ELKHORN SEAM, 


LetcuHer County, Ky. 


Ash Results 
, 
| 
Size: 4’’-2’” Round | Curve No. E-3 
| Cumulative 
i | 
| Float | Sink 
= = — SS —. th es = —- = 
Sbeciic Gravit Weight, Ash, | Weight, Ash, Weight, Ash, 
RRA SEEM EMRE Per Cent. | Per Cent. || Per Cent. | Per Cent. || Per Cent. | Per Cent. 
= eon ae a ee ase i ——— 
Float 1.30 74.9 | 2.1 74.9 2.1 100.0 7.2 
Sink 1,30; Float 1.40.......| 15.3 6.6 90.2 2.9 | 25.1 , 22.6 
Sink 1.40; Float 1.60....... 2.8 20.5 93.0 3.4 9.8 47.6 
Sink 1.60; Float 1.90....... 2.3 37.2 95.3 4.2 (oR) 58.4 
pes Oe 5] 3 ee a ee | 69.0 100.0 7.2 | 4.7 69.0 
SROLAL tea De coins rs cine ee | 100.0 
AMEND Oe dinieoretale pele saierens « 7.2 
cs 1 a a5: am = oy ee 
Used in Plotting | 4 9 | 1 ox &4 1 3 3 
Curve No. | : | | 
A = 2 36 ee WOE LEN De 2) ee ee ee 
*The ordinates of} Abscissas | . Abscissas || Ordinates | Abscissas || Ordinates | Abscissas 
Curve No. 2 are | 
the means of each 
successive pair of | | | : | 
float weight per- | | 
centages with the | | | 
first ordinate be- | | 
ing the mean of | . | 
first weight per- || || 
centage and zero. | | 
| 
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> 
reduction and recovery. The sharp breaks in the curves show w. ere 
economical washingshould bedone. With arecovery of about90 percent. — 
the raw coal is reduced from 10.31 per cent. ash to below 4 per cent. ash in 
the washed coal. The rock end or refuse shows about 62 per cent. ash. 


Weight % ot Sample 


Weight % of Sink in Samplo 


) 10 20 30. 40 50 60 70 80 90 100 Ash'% 


Specific Gravity 1.4 1.5 16 17 1.8 1.9 2.0 21 


Fig. 3.—FLOAT-AND-SINK TESTS ON 2 TO 1-IN. HLKHORN COAL. CURVES SAME AS 
Fie. 2. AvmrRAGE ASH, 11.16 PER CENT. 


FLOAT-AND-SINK Tests oN 4-1n. MopiIrtgp FROM ELKHORN SEAM, 
Letcuer County, Ky. 
Ash Results 


Size: 2/’-1” | Curve No. E-4 


| . Cumulative 


Float 3 Sink 


Weight, Ash, 
| Per Cent. | Per Cent. 


Weight, Ash, Weight, Ash, 
Per Cent. | Per Cent. || Per Cent. | Per Cent. 


Specific Gravity 


Float 1.30....... 6 
1 


: 7.8 2.0 hi 67.8 2.00 100.0 11.16 
Sink 1.30; Float 1.40....... 8.0 25 ile Rbe8 2.30 92.2 30.40 
Sink 1.40; Float 1.60....... 2.6 20.9 88.4 3.60 14,2 59.90 
Sink 1.60; Float 1.90....... Sala What b 8s le mOls 5.00 11.6 68.70 
Bink: 190):<. cep «haemo 8.5 77.4 100.0 11.16 8.5 77.40 
‘Lotal 53st tee | 100.0 


Average, .ccthia «cote | 11.16 


Used in plotting as indicated under Fig. 2. 


The Pittsburgh, or No. 8, seam of coal (Figs. 7 and 8) is not as amen- 
able to sulfur reduction for metallurgical purposes as some of the lower 
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: productive measures. The example cited shows the effect of fine crush- 
ing. The ash curve is satisfactory in this and other curves that have 
been made on the No. 8seam. ‘The sulfur curve in this case is not partic- 


Weight % of Sample 
Weight % of Sink in Sample 


i) 10 20 30 40 50. 60 70 80 90 100 Ash % 


Specific Gravity 1.4 15 1.6 17 1.8 1.9 2.0 2.1 


Fic. 4.—FLOAT-AND-SINK TESTS ON 1 TO 54g-IN. ELKHORN COAL. CURVES SAME AS 
Fig. 2. AvmraGm ASH, 11.81 PER CENT. 


FLOAT-AND-SINK TEstTs ON 4-1n. Mopirigep rrom ELKHORN SEAM, 


Letcupr County, Ky. 
Ash Results 


Size: 1/754 6’” Curve No. E-5 
Cumulative 
Float Sink 
ae = “ _ = - ut aa 4: 
: . | Weight, Ash, Weight, Ash, Weight, Ash, 
Specific Gravity | Per Cent. | Per Cent. || Per Cent. | Per Cent. || Per Cent. | Per Cent. 
| i | 
é Float 1.380....... 53.0 2.00 53.0 2.00 100.0 11.81 
Sink 1.30; Float 1.40....... 31.0 5.50 84.0 3.30 47.0 22.80 
Sink 1.40; Float 1.50....... 2.4 20.10 86.4 3.80 16.0 56.50 
Sink 1.50; Float 1.60....... 1.5 31.50 87.9 4.20 13.6 63.00 
Sink 1.60; Float 1.90....... 4.2 44,80 92.1 6.10 12.1 66.90 
Sinksd, GOe aan saad eintee ces 7.9 78.70 100.0 11.81 7.9 78.70 
Pera Otani: setiot oa cso piaiene.vie 2 100.0 || 
OTOL C Peale te raya a wrarata tones: ayers 11.81 
1 


Used in plotting as indicated under Fig. 2. 


ularly good. Curve 1 (Fig. 8) is nearly a straight line after the break 
at about 95 per cent. recovery. It is possible to reduce the sulfur in the 
Pittsburgh seam from 25 to 30 per cent.; in rare cases, where the initial 


ee 1s . 


sulfur is rather high, reduction has been be ih as +e pee co 


Weight % of Sample 


Weight % of Sink in Sample 


° 10 20 30 40 50 60 70 80 90 100 Ash % 


Specific Gravity 14 15 146 17 18 19 2.0 21 


Fic. 5.—FLoat-AND-SINK TESTS ON 5{6-IN. TO 14-meEsH ELKHORN COAL. CURVES 
SAME AS Fic. 2. AVERAGE ASH, 10.7 PER CENT. > 


FLOAT-AND-SINK TESTS ON 4-IN. MopIFIED FROM ELKHORN SEAM, 
Lercuer County, Ky, 


Ash Results 
; | 
Size: 54,5’’-14 mesh | Curve No. E-6 
| 
At ee 3 as = 
Cumulative 
\} Float Sink 
: : Weight, Ash, || Weight, | Ash, Weight, Ash, > 
Specific Gravity Per Cent. | Per Cent. || Per Cent. | Per Cent. || Per Cent. | Per Cent. 
Bloat 27 3.ccue- 7.4 1.50 | 7.4 125 | 100.0 10.7 
Sink 1.27; Float 1.30....... 34.1 1.80 41.5 a 92.6. 1r.5 
Sink 1.30; Float 1.40....... 42.1 4.00 83.6 2.9 58.5 17.1 
Sink 1.40; Float 1.50....... 2.8 14.60 86.4 3.3 16.4 50.6 
Sink 1.50; Float 1.60....... 1.5 25.20 87.9 3.6 13.6 58.0 
Sink 1.60; Float 1.90....... 4.7 36.80 92.6 5.3 12.1 62.0 
Sink 1.90; 7.4 78.10 100.0 Loy. 7.4 78.1 
Totallis-.0) apie meets sete so of 100.0 
AVELAEOs,<.cinie lai) aah Why, / cena 10.68 
1 


Used in plotting as indicated under Fig. 20 


no trouble from a washing standpoint. The breaks are - nearly 
always pronounced. 

Figs. 9 and 10 show the possibilities of washing the Lower Kittanning 
seam from both an ash and sulfur standpoint. The curves are character- 
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istic of both Kittannings, the Upper and Lower. It will be noted that 
the inherent ash and the inherent sulfur are low. The author always 
has had great faith in the potential value of the lower measures for metal- 
lurgical purposes and has repeatedly mentioned this in talks and writings. 


‘ 
Weight % of Sumple 
Weight % of Sink in Sample 


10 = 20~=S 30s“ 90 100 Ash % 


Specific Gravity 1.4 15 16 18 1.9 2.0 21 


Fic. 6.—FLOAT-AND-SINK TESTS ON COMPOSITE (4 TO 5(g-IN.) ELKHORN COAL. 
CURVES SAME AS Fic. 2. AVERAGE ASH, 10,31 PER CENT. 


FLOAT-AND-SINK Trsts on 4-1In. Mopiriep rrom ELKHORN SEAM, 
Letcuer County, Ky. 
Ash Results 


Size: Composite (4/’—5{ 6’’) | Curve No. E-2 
Cumulative 
Float Sink 
ines te alls —_ a i —_ —— 
: 
. . Weight, Ash, Weight, Ash, Weight, Ash, 
Specific Gravity Per Cent. | Per Cent. || Per Cent. | Per Cent. || Per Cent. | Per Cent. 
t —= 
Float 1.30....... 63.68 2.04 63.68 2.0 100.00 10.31 
Sink 1.30; Float 1.40....... 22.65 6.10 86.33 it: 36.32 24.80 
Sink 1.40; Float 1.50....... 1.90 19.27 88.23 3.5 13.67 55.80 
Sink 1.50; Float 1.60....... 1.30 28.00 89.53 3.7 Pez. 61.80 
Sink 1.60; Float 1.90....... 3.32 43.40 92.85 5.2 10.47 66.00 
Binal OO sso res oar e ses 7.15 76.40 100.00 | 10.381 7.15 76.40 
Total.... 100.00 | 
PAVICLD BO ria efecto pisses ests punierets 10.31 


Used in plotting as indicated under Fig. 2. 


The curves show a composite from 2 in. to 48 mesh, both ash and 
sulfur. ‘There are breaks in both curves. With a recovery of 90 per 
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cent., the ash in the washed coal is approximately 6 per. cent. and the 
sulfur 1.03 per cent. with feed sulfur at 2.16 per cent. In this case the 
sulfur reduction is more than 50 per cent.; on some of the lower productive 


oe 


Weight % of Sample 
3 
Weight % of Sink in Sample 


° 10 20 30 40 50 60 7o 80 90 100 Ash % 


Specific Gravity 14 1.5 16 1.7 1.8 1.9 2.0 21 


Fic. 7.—FLOAT-AND-SINK TESTS ON 5{¢-IN. TO 48-MESH PITTSBURGH COAL. CURVES 
SAME AS Fia. 2. AVERAGE ASH, 9.6 PER CENT. 


FLoAT-AND-sINK Trsts ON SLACK FROM PirrsBURGH SEAM, ALLEGHENY County, Pa. 


Ash Results 
Size: 54’/-48 Mesh Curve No. P-3 
| Cumulative 
Material over 545’ Crushed through 546’ and_ | 
Combined with Original Minus 5 56” | 
| Float | Sink 
it 
weet - Weight, Ash, | Weight, Ash, Weight, Ash, 
Specific Gravity Per Cent. | Per Cent. || Per Cent. | Per Cent. || Per Cent. | Per Cent. 
A Hloat 13023. 0... 56.51 2.7 56.51 2.7. 100.00 9.6 
Sink 1.302; Float 1.356..... 27.62 Mel 84.13 4.1 43.49 18.5 
Sink 1.356; Float 1.505..... 7.49 16.1 91.62 5.1 15.87 38.3 
Sink 1.505; Float 2.000..... 3.92 37.3 95.54 6.4 8.38 58.2 
Sink 2.000; Float.......... 4.46 76.4 ‘100.00 9.6 4.46 76.4 
TOtal oA. sk oe Seat LLOO.O0 
AVEMAZC. (co ge senece aan 9.6 


Used in plotting as indicated under Fig. 2, 


measures, it runs as high as 60 per cent. The disappointing feature of 
these coals is the character of the rock end, which is usually rather low 
in ash, 

We have been criticized sometimes for “washing coal on paper with 
curves” instead of in practical test plants. The author perhaps has made 
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as many practical tests as any other man in the country. He has found 
that practical tests do not always bring out all the facts on the wash- 
ability of a given coal and often lead to wrong conclusions; therefore he 


me 


: 


4 


\ 


4 
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Fig. 8.—FLOAT-AND-SINK TESTS ON 5{¢-IN. TO 48-MESH PITTSBURGH COAL. 


Weight % of Sample. . 


100 


0 1.0 2.0 


Specific Gravity 


3.0 4.0 


1.4 


Weight % of Sink in Sample 


11.0 Sulphur % 


2.1- 


SAME AS Fic. 2. AVERAGE SULFUR, 1.44 PER CENT. 


CuRVES 


FLOAT-AND-SINK TESTS ON SLACK FROM PirrsBURGH SEAM, ALLEGHENY County, Pa. 


Size: 546-48 Mesh 


Sulfur Results 


Curve No. P-38 


Cumulative 


Specific Gravity 


Weight, 


Per Cent. 


Float 1.302..... 


Sink 1.302; Float 1.356..... 
Sink 1.356; Float 1.505..... 
Sink 1.505; Float 2.000..... 
Sink 2.000; Float.......... 


Total 


prefers to “wash on paper 
measures up to the standard. 
Curve 2 is an important factor in determining 


Used in plotting as indicated under Fig. 2. 


Weight, 


Per Cent. 


100.00 
43.49 
15.87 
8.38 
4.46 


Sulfur, 
Per Cent. 


” frst and then see if the washing equipment 
The theory must precede the practice. 
the washability of any 


coal. If it flattens out fairly well, the coal will wash easily, but if it comes 


cates the material which, based on the law of probability, will sink or — 


float at definite gravities. It might be called the material in the “twi- 


Weight % of Sample 


Weight % of Sink in Sample 


C) 10 20 30 40 50 60 70 80 90 100 Ash % 


Specific Gravity 1.4 15 16 17 18 19 2.0 21 


Fig. 9.—FLOAT-AND-SINK TESTS ON COMPOSITE (2-IN. To 48-mEsH) LowER KiTTan- 
NING COAL. CURVES SAME AS Fic. 2. AVERAGE ASH, 9.4 PER CENT. 


FLOAT-AND-SINK TEsTs ON SLACK FROM Lower Kirrannine SEaM, 
CamBria County, Pa. 


Ash Results 
Size: Composite (2’’-48 Mesh) Curve No. LK-2 
| 
- = Sis 7 Mined 
| Cumulative 
|| Float © Sink 
* 5 Weight, Ash, Weight, Ash, Weight, Ash, 
Specific Gravity Per Cent. | Per Cent. || Per Cent. | Per Cent. || Per Cent. | Per Cent. 
w= wed 7 zee 
Ploatel 80: scsan.t 45.1 2.7 | 45.1 2.7 100.0 9.4 
Sink 1.30; Float 1.40....... 41.3 7.6 86.4 5.0 | 54.9 15.0 
Sink 1.40; Float 1.50....... 4.5 18.9 | 90.9 5.7 13.6 37.3 
Sink 1.50; Float 1.60....... 2.0 28.3 | 92.9 6.2 9.1 46.4 
Sink 1.60; Float 1.80....... 1.9 40.9 94.8 6.9 font 51.5 
Sink 1.80; Float 2.00....... 1.4 51.0 96.2 7.6 5.2 55.4 
Sink 2.00; 3.8 57.0 100.0 9.4 3.8 57.0 
Lota co incites ara ote 100.0 
AVOLAZO. c-c.co2 no ceo 9.4 
| 


Used in plotting as indicated under Fig. 2, 


light zone,” or the “teeter column.” In other words, Curve 2 shows the 
character of the heaviest. particle of material that will remain in the 


a) ee 
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washed coal or the lightest that will go to the refuse at the various wash- 
ing gravities or recoveries. 
The Pittsburgh, or No. 8, seam of coal, generally speaking, is not as 
4 amenable to sulfur reduction as the lower productive measures, wherever _ 


Woelxht % of Sink in Sample 


A, 
Weight % of Sample 


o 1.0 2.0 3.0 40 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12,0 13.0 14.0 15.0 16.0 17.0 Sulphur % 
Specifie Gravity 1.4 1.5 16 17 18 19 2.0 21 2.2 2.3 24 2.5 26 2.7 


Fic. 10.—FLOAT-AND-SINK TESTS ON COMPOSITE (2-IN. To 48-mEsH) LowER KirTan- 
NING COAL. CURVES SAME AS Fic. 2, AVERAGE SULFUR, 2.16 PER CENT. 
FLOAT-AND-SINK TESTS ON SLACK FROM Lower Kirrannine SEAM, 
CamsBria County, Pa. 

Sulfur Results 


Size: Composite (2’’-48 Mesh) | Curve No. LK-2S 
Cumulative 
Float | Sink 
ae ] 1] 
F ‘ Weight, Sulfur, || Weight, Sulfur, || Weight, Sulfur, 
Specific Gravity Per Cent. | Per Cent. || Per Cent. | Per Cent. 1 Per Cent. | Per Cent. 
Plost. 1.380 is. 3 jews 45.1 0.85 7 0.85 | 100.0 2.16 
Sink 1.30; Float 1.40....... 41.3 i ee te | 86.4 | 0.97 54.9 3.23 
Sink 1.40; Float 1.50....... 4.5 2.10 90.9 | 1.03 | 13.6 9.67 
Sink 1.50; Float-1.60....... 2.0 3.09 92.9 1.07 | 9.1 13.44 
Sink 1.60; Float 1.80....... le Recta yD: 4,49 94.8 1.14 | fee! 16.30 
Sink 1.80; Float 2.00....... | 1.4 8.25 96.2 1.25 | 5.2 20.70 
Sink 2.00; 3.8 25.20 100.0 2.16 3.8 25.20 
PROCS ee coer ereuane tayo dts.se-. © 100.0 
ASVOTE LG). «cies stares wise 318 so 2.16 | 


Used in plotting as indicated under Fig. 2. 


found. The economical gravity for washing this coal seems to be around 
1.55 or 1.60; therefore too low a gravity should not be used in testing. 

Pocahontas coals usually show good washability curves—very pure 
coal and very pure rock with a high washing gravity and high recovery. 
The fines through 1¢ or 14 in. can usually be by-passed around the washer. 
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high inherent ash; for carte 4to5 per pees in the “BR” ¢ or r Miller se 
in certain districts. This sometimes occurs in the lower product re 
measures; the Freeport and Kittannings especially. It usually spells S 
trouble in meeting a low-ash specification with high recovery. The 
operator should not try to work to too scat an ash specification where the. “ 
inherent ash is high. 

SuLFUR IN CoAL a Sal 


The forms of sulfur in coal are generally recognized as organic, pyritic, 
and sulfate. Simmersbach was an early investigator of these forms. 
Parr and Powell have made valuable contributions to the literature on 
the subject. Recently, industrial chemists and engineers, like Russell, 
of the Youngstown Sheet & Tube Co., and Morrow, of the Pittsburgh 
Coal Co., have gone into the practical aspects as applied.to coal washing. 

Morrow! has set up some data tending to show that there is, in some . 
cases, a concentration of organic sulfur in the middlings which makes it 
susceptible of removal in washing. This is contrary to the old idea that : 
organic sulfur is not removed by washing. | 

Pyritic sulfur is in the form of iron sulfide, pyrite or marcasite (FeS.). | 
The decomposition, or “‘weathering”’ of ‘sulfur balls”? seems to indicate 
that marcasite is more prevalent than pyrite. This has some bearing 
in coal washing, in making the circulating, or wash water, acid in charac- 
ter; however, it is a way of sulfur removal by the wet process and may 
partly account for the use of a factor in determining the practical sulfur 
results from sink-and-float data. 

Formerly, it was believed that FeS. was changed to Fe7Ss, a magnetic 
sulfide, during the coking process, which eliminated about 43 per cent. of 
the sulfur. The fact that the “sulfur balls” found in coal become highly 
magnetic when put through the coking process probably led the early 
investigators to this conclusion. Now Dr. A. R. Powell? writes positively 
that straight FeS is formed during the coking process, with a deposition 
of solid sulfur, which makes the new compound magnetic. 

Sulfate sulfur is in the form of calcium sulfate and iron sulfate, the 
latter being caused by oxidation. The percentage is invariably small. 

Organic sulfur contains both humus and resinic sulfur; the resinic 
ranges from 25 to 40 per cent., the humus from 75 to 60 per cent. 

The forms of sulfur in the coal apparently have little effect on the 
percentage “burned out” during by-product coking. The organic and 
pyritic sulfur seem to behave much alike. The percentage of sulfur 
volatilized varies from 35 to 45 per cent. from a practical stand- 
point, depending on conditions. Thus, we may reasonably expect the 


1J. B. Morrow: Research Displaces Rule-of-Thumb. Coal Age (1927) 244.. ! 
7 A. R. Powell: A Study of the Reactions of Coal Sulfur in the Coking Process. 
Jnl. Ind. & Engr. Chem. (1920) 12, 1069. 
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sulfur in the coke to be a few points lower than in the raw coal. This 
ratio is dependent somewhat on the volatile matter in the coal and the 


consequent coke yield. 
Table 1 gives forms and distribution of sulfur in the Pittsburgh, or 
No. 8, seam of coal in the ‘Pittsburgh District. 


- Taste 1.—Forms and: Distribution of Sulfur in the Pitisburgh Seam 


Mine A B C D E F G 
Per Cent. | Per Cent..| Per Cent. | Per Cent. | Per Cent. | Per Cent. | Per Cent. 
Sulfur: 
Organic..... 0.64 0.59 0.56 0.62 0.64 Oo71 0.65 
IBYTIEICen es 1.26 0.38 1.26 0.36 0.46 1.39 0.74 
Sulfate...... 0.02 0.02 0.02 0.02 0.02 0.03 0.02 
otal cc. 1.92 0.99 1.84 1.00 12 2S 1.41 


Metuops or WASHING COAL 


The principle underlying the separation of impurities from coal in 
all important processes is the difference between the specific gravities of 
coal and refuse. A very practical engineer often referred to the Sus- 
quehanna River as the “‘best coal washer in the world.’’? There are two 
very active schools for cleaning bituminous coals in this country, (1) 
pneumatic or dry cleaning and (2) wet washing, with water. Very lately 
there has sprung up a compromise school, advocating a dual process. 
The author mentioned the possibilities of a dual system before this 
Institute as early as 1919, after somewhat careful investigation into the 
shortcomings of each system as then operated. Figs. 11 and 12 are 
simple flow sheets of a complete wet-washing plant and a typical dry- 
cleaning plant. 

- Read what Forbes® has to say: ‘‘For water flotation—ability to treat 
greater variation in size, in other words, to treat as small size as, and 
larger size coal than, air flotation. 

“ Ability to treat coal in greater range of sizes in one operation, result- 
ing in Jess screening required. 

“For air flotation—avoidance of added expense on account of added 
moisture, either for transportation of the extra weight, or for evaporation 
in use.” 


3 For a rather complete discussion of the subject, see W. R. Chapman and R. A. 
Mott: The Cleaning of Coal.-X. Fuel in Science & Practice (1927) 6, 15-28. 

4 J. R. Campbell: Coal Washing—Some Factors in the Problem. Mining Con- 
gress Jnl. (1927) 770. 

5 W. A. Forbes: Technological Problems of the Steel Industry. Amer. Iron and 
Steel Inst. (1927) 237. 
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Fie. 11.—F Low sHErr oF SIMPLE WET WASHERY (AMERICAN RHEOLAVEUR CoRPN.) 
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process selected to obtain the results desired, considering at the same time 
the added installation and operating costs.”’ 

Dry separation is certainly attractive at first sight and probably will 
always have good application in arid and frigid regions, but its problem is 
more complex than that of wet washing. The wet system of washing is 
conducted by various means, such as launder washers; jigs—basket and 
overflow types; wet concentrating tables; tubs and cones; various types 
of thickeners and classifiers. 
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Fig. 12.—FLoW SHEET OF SIMPLE DRY-CLEANING PLANT (AmERICAN CoAL CLEANING 
ORPN.). 


Type Y is a full Y solid deck, with fixed transverse slopes; type YA is a split Y 
deck with adjustable transverse slopes and can treat two different sizes of coal, and 
type HY is a half-Y, with solid deck and with adjustable transverse slopes but dis- 
charges from one side only. 


~ =! 2 


- 364 in., a going plant shows 150 to 200 tons per hr. on a 32-in. 


a ing 
The “launder washer” naturally head: 


refuse awork ae a sepuiaing a (or ‘fy wh 
which makes it efficient with high capacity. On larger” 


On ane sizes, 54g to 0 in., the rated capacity is 50 to 60 tons per. 
complete plant under conch ruction in the Pittsburgh district for bitumi- 
nous coal has a rated Si oe of 500 tons per hr. on two 48-in. ee 
primary launders. ees 

The launder type of ‘washer, as exemplified by the Tuheclavert is <a 
very successful in Europe, where more than 250 plants are washing about 
one-third of the coal that is washed. In this country, in a little over two 
years, the Rheolaveur system of washing has going plants and plants — 
under construction aggregating approximately 10,000,000 tons of anthra- 
cite and bituminous coal annually. 

Excellent cuts of the Rheolaveur. Sealed Level plant for large 
sizes up to 314 in. and the free discharge 0 to 5g in. are shown in ~~ 
Peele’s Handeovd 6 | = 


vue as 


Two types of jigs have carried the burden of bituminous coal washing 
in this country for a good many years; the basket type’and the overflow © 
type. The overflow type may be either single or multiple compartment, a 
and makes its own bed or has an artificial bed of feldspar. The Pitts- : 
burgh washing jig is standard for the basket type; the Pittsburgh special 
and the Foust type are standard for the compartment type. 

The Elmore Compartment, or modified type, is used in the Birming- 
ham District, and Forbes’ undoubtedly refers to results obtained on this 
type of washer. This jig has good capacity and, for the demands made 
on it, the results are quite satisfactory. 

The most notable installation of the horizontal plunger, overflow type 
of compartment jig with feldspar on the second compartment, exemplified 
by the Pittsburgh Special jigs, was the big Middlefork Washery of the 
U.S. Fuel Co., a subsidiary of the U. 8. Steel Corpn. in Franklin County, 
Southern Illinois. When this was erected, the author was connected 
with the U. 8. Steel Corpn. and knew something of the complex problem 
presented in washing this high-sulfur coal. From a technical standpoint, 
based on many sink-and-float surveys of the feed before building the 


® Robert Peele: Mining Engineers Handbook, 2d Ed., 1981-82. New York, 
1927. John Wiley & Sons. 
7W. A. Forbes: Op. cit. 
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plant, the washing results measured up to technical predictions if not to 


expectations. This type of Pittsburgh jig is adapted to metallurgical 


and finely crushed coal and has good capacity. The Middlefork plant 
had 18 jigs and a capacity of 2500 to 3000 tons in 8 hr. on all sizesfrom 1 to 
0 in. 

_ The Foust type jig is illustrated by the installations at the Stag Canyon 
plant of the Phelps Dodge Corpn. under the direction of J. B. Morrow, 
an expert practical washery man of this country, and by the Woodlawn 
plant of the Jones & Laughlin Steel Co. in the Pittsburgh district, wash- 
ing the Pittsburgh or No. 8 seam of coal. This jig has good capacity— 
as high as 100 tons per hr. at the Jones & Laughlin plant. This jig is an 
example of the overflow compartment type, which makes its own bed. 


Concentrating Tables 


Jigging fine coal presents some difficulties and for that reason consider- 
able attention in late years has been given to wet concentrating tables for 


. handling fines. The principal tables are the Campbell bumping table; 


the Overstrom table; the Deister-Overstrom table; the Deister Machine 
“Plato” table. The chief difficulty of the wet tables is their low capacity 
on fines, varying from 5 to 10 tons. per hour. 

Bird and Yancey® propose to increase both the eapacity and efficiency 
of wet tables by classifying the feed hydraulically instead of mechanically 
by screens. This is a step in the right direction and it will be interesting 
to follow the commercial developments and see what this step adds to 
the cost of tabling. 

The wet table is sometimes used as an auxiliary to a jig plant where 
the fines have to be treated, and the combination makes a good dual 
plant. Wet tables may also be used as complete installations where fine 
crushing is necessary. 

The Campbell table, as a complete unit, is used by the Bethlehem Steel 
Co. at its Johnstown plants. This job washes two of the lower produc- 
tive measures of coal and the maximum size is 34in. The Coral plant of 
the Potter Coal & Coke Co., near Indiana, Pa., has a complete table 
plant handling 1000 tons per day of Freeport coal. The tables are of 
the Deister Machine Co. types. 


Tubs and Cones 


The Robinson-Ramsay tube exemplifies the tub method of cleaning 
coal, which has come back into favor within recent years for a certain 
class of work. 

The Chance cone uses a fluid mass of sand and water as the flotation 
medium. So far as known, there is only one installation on bituminous 


8B. M. Bird and H. F. Yancey: Hindered-settling Classification of Feed to Coal- 
washing Tables. See p. 250. 
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in th 
district, where it handles high tonnage successfully. The fi int 
by-passed the cone, which is similar to anthracite practice. Paul — 
Sterling tells something about this and other cleaning devices used in e- 
Anthracite Region.° 


coal; the Mt. Union plant of the Maderia-Hill & Co. 


Hydraulic Classifiers 


Recently the Menzies Hydro-Separator has made its appearance in 
bituminous practice, especially in Southern West Virginia. It was 
originally a development in the anthracite, where it is used on steam 
sizes. The sponsors for the machine in bituminous practice claim that 
it will handle all sizes from egg to slack with a capacity of 25 to 40 tons 
per hr. The egg size is up to 4 and 5 in., which, it is claimed, would 
eliminate handpicking. 

The Hydro-Separator would seem to have considerable application 
where small units are necessary. It is small and self-contained. The 
opinion expressed by coal operators who have had tests made on it is — 
that on sized products, with no middlings to speak of, the results are 
favorable as compared with older processes. : 

Another classifier is the Hydrotator,!° which is a development of the 


Trent tank or thickener. This machine is designed to handle fine coal 


and we understand there is a bituminous installation at the plant of the 
Ebensburg Coal Co., Colver, Pa. ; 
The Dorr machines are valuable adjuncts in wet washing. 


Dry Cleaning 


The accepted methods of dry cleaning are hand picking, mechanical 
pickers and spirals, Bradford breakers and dry tables. We will concern 
ourselves only with dry tables. 

The author’s first experience with dry tables was in Dubuque, Iowa, 
about 1914, where W. W. Bonson had the first dry coal tables. Later, 
the author spent considerable time at the parent plant of Sutton, Steele & 
Steele, in Dallas, Texas, becoming acquainted with the Steele Brothers, 
Walter L. and Edwin G., and Henry Sutton, the originator of the 3-S 
table, or S-J as designated on the models. The American Coal Cleaning 
Corpn., Welch, W. Va., later acquired the rights to use the Sutton 
patents and built the third dry plant in the country at McComas, W. 
Va., for the American Coal Co., under the direction of a large construction 
company. The S-J types of table was used with anti-gravity screens, 
which were later supplanted by Hummer screens. 


* Paul Sterling: Modern Anthracite. Proc. Eng. Soc. N. E. Penna. (Oct. 29, 1927). 
10 Tilustrated in paper by W. L. Remick: Fine-coal Cleaning by the Hydrotator 
Process. Trans. (1927) 75, 570. 
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The Y table has been developed by the parent company, which has, 
within seven or eight years, installed dry table plants in this country, 
Canada, England and Australia, aggregating over 9,000,000 tons annu- 


ally. Close pre-sizing is needed to obtain the best pee The rated 


capacity of the Y table is as follows: 


INCHES Tons PER Hour 
38 by 1 70 
lby 3 50 
3g by lk 35 
by 0 20 


In a previous paper,'! it has been noted that dry tables have been 
devised and plants built by Roberts & Schaeffer Co., Chicago, IIl., Heyl 
& Patterson, Inc., pT RUTES, Pa.; Peale, Peacock & Kerr, St. 
Benedict, Pa. 

Dry cleaning has many logical applications, but after close observa- 
tion of going plants, the author is satisfied that a modern, well-regulated 
wet-washing job has a higher efficiency than a dry-table job, and for that 
reason wet washing must be used in difficult metallurgical operations 
where sulfur is the important factor. 


Methods of Drying 


As Forbes points out,!? the sole advantage of dry cleaning is ‘‘avoid- 
ance of added expense on account of added moisture, either for trans- 
portation of the extra weight, or for evaporation in use.” In view of 
this, attention is being given to drying the coal from wet washing.!* 
Washed coal is dewatered by various methods, the principal ones being: 
dewatering elevators and screens; drainage bins and pits; centrifugal 
dryers, filters and presses; direct heat dryers. 

The general scheme is (a) to dewater the top sizes above 14 or 5 in. 
by natural drainage, (b) centrifugally dry the —5¢ in. to 48 mesh and 
(c) dry the slimes (—48 mesh to 0) by heat, and thus obtain a wet-washed 
coal that is sufficiently dry for all ordinary uses. 

Data as to what may be accomplished by natural drainage are 
difficult to obtain. One engineering concern that advocates a dual sys- 
tem says that “the moisture adhering to the washed coarse sizes is 
infinitesimal.’’ Practical operating engineers are collecting data on dual 
systems and one made the statement to the author that the added mois- 
ture by draining the top sizes is 0.8 per cent.; other engineers find the 


- added moisture from 1 to 2 per cent. by sntiatirs the top sizes and adding 


the dry fines. 
Centrifugal dryers have been in use for several years. The latest 
development is the Carpenter dryer, used by the Colorado Fuel & Iron 
11 J, R. Campbell: Op. cit., 773. 


12 W. A. Forbes: Op. cit. 
13 J, R. Campbell: Op. cit. 
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Co. This dryer has a rated capacity of 75 tons per hr. a will reduce — 
the moisture to 5 or 5.5 per cent. if the fines are not excessive. The : 
cost is not high (about $0.025 per ton) and is distributed as follows: 
depreciation (10 per cent.) $0.007; power, $0.010; maintenance, $0.008. 

Heat drying of the sludge, or slimes, 48 mesh to 0, is a new develop- 
ment in the art and operating data are not available at present... The 
operating cost is estimated at from 5 to 8 c. per ton, depending upon the 
character of the fuel used, which in most cases may be a secondary coal 
recoverable from the refuse, but since the tonnage is small, usually not | 
over 5 per cent. of the feed coal, the net cost is low. 

' A bituminous wet-washing plant now under construction in the ~ 
Pittsburgh district will develop all the above methods of drying. 

It is the feeling among coke-oven men that the extra heat required 
is not so important. This must be in view of the facts. To evaporate | 
1 Ib. of water from and at 60° F. requires about 1100 B. t. u. To super- | 
heat the steam to standpipe temperatures raises this to about 2500 
B.t.u. About 1200 B.t.u. are needed to coke 1 lb. of average coal in a 
by-product oven; 1 per cent. of moisture would require about 25 B.t.u.; 

1 per cent. of moisture would replace 1 per cent. coal (requiring about 
12 B.t.u.), so that the net change in heat requirement would be only 
16 of 25 B.t.u. - 

What coke-oven men do object to is coal dripping wet, on the grounds 
of reduced oven capacity and possible effect on coke structure; objec- 
tions which can largely be removed by modern methods of drying wet- 
washed coal. In certain other cases, good by-product practice demands 
a coal containing moisture, and sometimes water has to be added. For 
instance, swelling coals, which cause stickers and a deposit of carbon, 
demand a moisture content of 5 to 6 per cent. 


Sludge Recovery and Water Clarification—Dust Recovery 


The recovery of slimes is not the bugaboo it once was. Fines in 
water can be definitely collected by means of Dorr tanks and filters and 
then heat-dried. The underflow containing a 50-50 mixture of solids 
and water can be further dehydrated by filters to 15 to 20 moisture and 
the cake sent to direct heat dryers. The water is clarified for re-use. 4 

Dust recovery presents a more difficult problem. The methods 
employed are (a) cyclone dust collectors and (6) baghouse collectors. 
In going dry-table plants in the Pittsburgh and West Virginia districts 
equipped with cyclone dust collectors, the dust problem has not been 
completely solved. It is comparatively easy to get the dust out of the 
plant, but it goes elsewhere and in some cases becomes a nuisance to 
the inhabitants of the mining camp and to the farmers. 


14 J. R. Campbell: Mechanical Separation of Sulfur Minerals from Coal. Trans. 
(1920) 63, 683. 
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The American Coal Cleaning Corpn., Welch; W. Va., has taken a 
_ long step to mitigate this evil by the use of baghouse dust collectors. 
This system is more expensive than cyclone dust collectors—about double 
the cost—but at the plant thus equipped at Berwind, W. Va., little or no 
dust was escaping through the bags. The plant had been operating 
_ several weeks and the bags were still white on the outside. It looked 
like almost a 100 per cent. job. A thin film of dust on the inside of the 
bags—about 1 in.—acted as a filter for the air. 


WASHING EFFICIENCIES 


One of the most important parts of a washing job is to determine the - 
efficiency. We start the picture with a washability study of the coal to _ 
be cleaned, based on sink-and-float tests; therefore, we must logically 
end as we began. The “yardstick” by which to measure any washing 
job is sink-and-float tests and chemical analyses of the products. A 100 
per cent. machine will remove all the impurities in the coal at the washing 
gravity with no loss of float coal. We all appreciate the fact that 100 
per cent. is not expected of any washing apparatus, but certainly some 
approach the theoretical more closely than others. 

Efficiency of washing based on sink-and-float tests is determined by 
Drakeley’s formulas, which are as follows: 


Qualitatie Efficiency 


washed-coal float — feed-coal float 


100 x 100 — feed-coal float 


Quantitative Efficiency 
per cent. refuse X refuse float 


feed-coal float — 


100 100 
x feed-coal float 
Using the following figures, 
FLoat, 
ASH, 1.95 SP.G, 
Per Cunt. Perr Cent, 
EOCHCOR LNG) OU iene ie atten ceri rid pscle s&s aels sugieone a Bex oles 16.12 90.00 
Win sHeCee OMlel ees DELACON GL rn i..¢ ees chins ties bec seta ees es 7.68 98.76 
Rehasee cn sGuperCeht.) tenth ne See. Eee eae eres 80.20 1.76 


by Drakeley’s formulas we would obtain: 


Qualitative Efficiency 
100(98.76 — 90.00) 
100 — 90 

Quantitative Efficiency 
99 — 11.63 X 1.76 
100 
90.0 


= 87.6 per cent. 


100 X = 99.76 per cent. 
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Reduced to words: the qualitative efficiency is the amount of impurity — 


removed from the coal at the washing gravity expressed on a percentage 
basis. Thus, if there is 10 per cent. impurities in the raw coal and the 
washer removes 8.5 per cent. the qualitative efficiency is 85 per cent. 
The quantitative efficiency is, strictly speaking, the amount of good coal 
recovered by the washer from the good coal in the feed. A rough approxi- 
mation of the quantitative efficiency is to multiply the percentage of 
reject by the percentage of good coal in it and subtract the product from 
100. A good many practical men simply use the multiplication and call 


Fig. 13.—A DELATESTER. 


the product “loss of feed coal” or “bank loss.’”” This perhaps is the 
practical way of arriving at the cost of bank loss. 

Some chemical engineers and practical operators believe that a stand- 
ard of 85 per cent. for qualitative efficiency and 99.5 per cent. for quanti- 
tative efficiency, if the total reject is not excessive, is too high. The 
author is convinced that quality and recovery can be obtained simul- 
taneously in a properly designed wet-washing system. In fact, the 
example cited is that of a going plant producing comparable results 
every day of operation. 

For plant control, the author uses the Delatester (Fig. 13) because it 
is a standard machine for making sink-and-float tests in the plant or 
laboratory. After a sufficient number of these tests have been made to 
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determine the character of the products produced by the washer, chemi- 


cal analyses may be relied upon to give sufficient control. All washery 
engineers understand this. 

Only one gravity should be used in testing, and that is the cenit of 
washing. Some investigators use a dual gravity; that is, one gravity for 
washed coal and a lower gravity for testing the refuse. This practice is 
very misleading and leads to wrong conclusions. There may be con- 
ditions wherein it is advisable to use two gravities for testing both the 
sink in the washed coal and the float in the refuse. This would be 
permissible where there is a considerable percentage of middlings near 
the washing gravity. For example, if the washing gravity is 1.50 and 
there is considerable material between 1.40 and 1.60, a better picture of 
the washing results could perhaps be obtained by testing the washed coal 
and refuse at 1.40 and 1.60 instead of at the washing gravity of 1.50. 
Where a dual gravity is used, the results should be converted to a single 
gravity, that of the washing operation, before attempting to caleu- 
late efficiencies. 

Fig. 14 shows a convenient form for keeping sink-and-float data. 


Cost oF WASHING 


The cost of washing may be divided into Capital Cost and 
Operating Cost. 

The capital cost of any cleaning or preparation plant is dependent 
entirely upon conditions and the work demanded of it. Judging from 
the data at hand, an efficient wet-washing plant, complete with all 
accessories and housing, will cost from $400 to $800 per ton per hr. It is 
the common belief among operators that complete dry-table installa- 
tions are considerably higher in first cost. Perhaps it will be fair to say 
that the air-table plant can be built for from $500 to $1000 per ton per 
hr., complete with all accessories and housing. 

The operating cost may be conveniently subdivided into labor, power, 
maintenance, depreciation (and interest); loss of input, or ‘‘conver- 
sion cost.” 

Conversion cost is considerably more important than many are will- 
ing to understand. For example, 100 tons of run-of-mine coal costing 
$1.80 per ton is delivered to the cleaning plant. In going through the 
preparation plant there is a shrinkage of 10 tons, therefore there are 
only 90 tons of market coal that cost $180, or $2 per ton. In this case, 
the conversion cost'is 20 c. per ton, a very large item in figuring the costs. 
It is more unfortunate if the 10 per cent. loss of input should contain a 
bank loss of 2 or 3 per cent. of good market coal. The sure way to get 
real money for coal is to get it into the railroad cars for market—not into 
the little refuse dump car that puts it where it is irretrievably lost. 
“Bank loss” is no misnomer, and is a real factor in washing costs. 
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Continuing ona percentage basis, the problem may be set up as follows: 
90 per cent. = $1.80 ' 
1 per cent. = 0.02 i 
3 per cent. = 0.06 (based on 30 per cent. coal in refuse) 
7 per cent. = 0.14 (based on 70 per cent. rock in refuse) 


Thus the 20 c. loss of input cost may be divided into 14 ec. for real rock 
or slate with no value and 6c. for good coal with a potential value of the © 
full amount at least if shipped to market. Bank loss should be figured 
at more than the cost value, for if sold at a profit, the washing costs 
would be reduced. The anthracite operator probably is nearer right 
when he figures his bank loss at the sales value. 

In the matter of the total cost of washing, the tendency on the part 
of many manufacturers is to ‘‘oversell”’ their equipment on this point. . 
Coal cannot be washed for nothing, or near nothing, as many figure it. 
The splendid work of estimating engineers is a safeguard in this respect. 
The following are good average figures. 


Cost oF WASHING PER Ton (500 Tons PeR Hr. Capacity) 


Crnts 

MMS CIN SRI PREe Meme te cee 6 are ait ties orc tens nig, hate oa ge bt 0.25 
PMN ianchineryrupkeepe. av he seat. nodes oeeres ees 1.40 
3) IDEN ORES «clean meta $s CPN ERS ELS Dagny EP Agana thd een ie ee mS 3.00 
RE OT eee A RE ne M8 ee ia Tee IESE ow oss biota So 2.25 
Pym Crenera leo vere Clem E ore ta eerie on ore hue ag So, 8 70) 
Gm SUD DLC See me wr Weare ao niays OM ep ncrk =haueun setae cha daudagicesl atl clegs 0.30 
. 8.90 


These figures do not include depreciation and interest, which may add 
another cent or two, or ‘conversion cost,’”’ which is considerable in some 
cases if there is excessive “bank loss.’’ Under ordinary conditions, 
coal can be washed in modern and efficient equipment for from 20 to 
25 c. per ton including all items of cost. 

The cost of washing can be predetermined very accurately from the 
known factors in the washing problem—the washability study and engi- 
neering data. — 


Errect oF WASHING 


The immediate effect of coal washing, of course, is the reduction of 
ash and sulfur, both for commercial and metallurgical purposes. This 
can be translated into dollars and cents by the blast-furnace man if an 
improved coke is demanded by the exigencies of the case. The value of 
each 1 per cent. ash reduction in the coke ranges anywhere from 10 to 
25c. per ton of pig iron, depending on conditions. Several large steel 
companies are studying this subject very intensively. Some figures 
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compiled be a fuel engineer showed that with a lone freight noite 
on Sweetser’s figures, 4 per cent. reduction of ash in the coal is orth 
per ton to the consumer. Another blast-furnace man has a Bie na 
which 1 per cent. of ash reduction in the coke is worth 40 c. per ton on pig 
iron on a certain furnace. 

In inter-company business, it is almost certain that a substantial 
reduction of 3 or 4 per cent. ash in the coke will yield a good return on the 
cleaning equipment to the holding company and doubly assure a neuen 
and quality product of steel. 

Another effect of washing, aside from the monetary consideration, is 
the improved physical structure of the coke. The cross-fractures caused 
by pieces of slate are eliminated, the general cell structure improved and 
blockier coke is produced. Even fine crushing, where intimate mixtures 
are made, does not eliminate the trouble caused by slate, which segregates 
in the coking mass and impairs the structure just as surely as the 
larger pieces. 

In commercial washing, where the washed coal goes on a “‘buyers’ 
market” in competition with an unwashed product, it sometimes is 
considerably more difficult to justify the cost of washing. The general 
buying public is apparently not yet educated to buying on a B. t. u. basis. 
It will be in time. A broadened and continuous market for a quality 
product will reflect a substantial saving in overhead costs—probably 
somewhat intangible, but there nevertheless. It means a six-day run 
instead of a four-day or a two-day run, and it costs money to run 
an idle mine. 


ReEsutts oF WASHING ON GOING PLANTS 


Forbes shows some washing results which are undoubtedly based 
on washing the Pratt seam of coal in Alabama in a modified Elmore 
compartment jig. The figures of Table 2 are quoted from his paper. 

As is well known in the South, this concern produces three products: 
washed coal, boiler coal and refuse. It will be noted that the secondary 
coal or middlings has practically the same fuel value as the raw coal. 
The coal losses are concentrated in the middling product, which makes 
the refuse clean. The production of a secondary coal is not always 
permissible, especially where there is no particular use for it, and for this 
reason we cannot build washers on such a basis. The coal washer in the 
North has to make two products—clean washed coal and clean refuse— 
which in some cases is very difficult to do. 

The tabulation also indicates that the float in the refuse is apparently 
made on the dual basis, to which there is serious objection from a techni- 
cal standpoint. The float is made at 1.37, whereas the washing gravity 
undoubtedly is considerably higher. 


15 W. A. Forbes: Op. cit. 
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+ TABLE 2.—Data of Washing Results* 
ee? Raw Coal 


‘ Washed Coal 7 
; Washer | Vol. | F.C. | Ash Sulfur Vol F.C, Ash Sulfur . 
No. brea cance 27.48 | 56.85 | 15.67 | 1.44 | 30.79 | 65.29 | 3.92°| 1.09 
A NGCRORE aaah eee 27°61 V'62.25 | 10.14 1 1243") 29°13 66.23 | 4.64 iealys 
Ne tad atte se 26.51 | 60.93 | 12.56 | 1.59 | 28.67 | 66.72 | 4.61 1.22 
Nios Fa8G-e Re | 25.34 | 61.46 | 13.20 }) 1:86) | :27.77-| 67.71.) 4.52 1.28 
; Boiler Coal 
Washer Vol. F.C. Ash | Sulfur 
Sins Re eee 27.64 59.31 1305 | 1.62 
INO? ip ee eee ee 26.00 59.80 14.20 2.00 
INGY, Gora G ae ae 26.05 60.85 13.10 2.03 
ISO ne Re eee 25.12 61.20 13.68 2.20 
ez 
7 Refuse 
: Float at 1.37 Sink at 1.37 
Per Cent. Ash | Sulfur | Per Cent. Ash Sulfur 
, 
: No. 1 3.9 3.85 1.10 96.1 70.62 2.14 
INOS 2insc mieten 4.2 4.79 We Pare 95.8 61.83 4.67 
IN OMe coat a 4.9 4.92 1.35 95.1 63.33 4.08 
ING Aeneas re.e 6 4.7 4.70 1.48 95.3 56.00 5.24 


* Figures taken from paper by Forbes. 


TABLE 3.—Results with Various Methods and Metallurgical Coals 


Per inPlagt Ataeabia tet 2h a Sane te |? Een abe 
Ash, Sulfur, Ash, Sulfur, Ash, Sulfur, Ash, Sulfur, 
Per Per Per Per Per Per Per Per 
Cent. Cent Cent Cent Cent Cent Cent. Cent. 
Feed coal........ 18.00 | 2.50) 11.00] 2.00 | 12.00} 2.80; 9.80; 1.66 
Washed coal..... 8.80! F.30; 6.50! 0.90 Sela O08, 205i Log 
Refuset. hoon ost 47.0 | 12.20 | 29.60 | 4.65 | 45.00 | 11.11 | 48.40 | 7.90 
Reject, per cent..| 11.0 20.00 9.00 4.5 
Seam of coal.....| Kittannings Freeport Illinois No.6 |Pittsburgh No. 8 
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Retained on 


546 in. or 2144 mesh 
14g in.or 6mesh 
gin. or 14 mesh 
48 mesh 

100 mesh 

200 mesh 

Through 200 mesh 


Weights Per Cent. | eg4 

0.7 One y 
23.3 24.0 
39.2 63.2 
25.4 88.6 

6.0 94.6 

2.6 97.2 

2.8 100.0 


AvreRAGE 17 Per Cent. Aso Freep 


Washed Coal Ash. Refuse Ash 
Figured Boon 
pied eee Actual Theoretical] Actual Theoretical Per Cent. 
Per Cent. | Per Cent. | Per Cent. | Per Cent. 
DA LopbOle Leer caer 82.1 10.20 9.0 48.10 51.1 

Hebasdeto lbs cea eee 82.6 10.10 9.1 49.70 51.9 i 
Febx6;to.28....06 see 83.2 10.15 9.4 bie 2054). 453.0 . ‘ 
Mariel to. 3135501. sccm alee cone 10.17 9.4 50.83 53.0 81.8 , 
AUB h igo ess ken tonal les, Bn ae coe 82.0 10.30 2 O58 49.20 51.0 82.6 “ 
The results on the Rheolaveur washer (Table 4) on metallurgical coal ‘ 


are shown somewhat more in detail, since such figures are available. 
The figures are taken from Spahr’s paper.'® 
washed coal shows that the 14-mesh to 48-mesh material is washed prac- 


A screen analysis of the 


TaBiE 5.—Data of One Day’s Run from Dry-cleaning Plant 


Average 2 to 0 in. clean coal with bone left in, nut and pea sizes 
Average 1 to 0 in. clean coal with bone left in, 1 to 44 in. size. . 
Average 14 to 0 in. slack 
Theoretical ash in coal 


© ah ele (oe edad co hea enet stan scala ie 


S1zn 
2tol in. 
1 to 4 in. 

4% to \% in. 
44 to \ in. 
4 toO in. 


CeCe SNC MCC 


We, (eireRe) le) a! 6) 16 tm (al hele elem a) (ees 


Pera 0; ©..0°, 10,0 ae 6 eke 16 


Cinan Coan 
Asu, Per CENT. 


9.15 domestic size, bone left in 
7.26 domestic size, bone left in 
6.62 domestic size, bone left in 
6.23 domestic size, bone left in 
7.21 domestic size, bone left in 


ASH, 
Per CrEnt. 


7.21 
7.08 
7.07 


Crude 2 to 0 in. without middlings but with all bone pickings of sizes over 2 in. 
crushed through 2-in. single roll crusher added 10.98 per cent. ash. 


16 C, Spahr: Washing Bituminous Coal with the Rheolaveur Process at the Coke- 


dale Plant of the American Smelting & Refining Co. 


Inst. (1927) 49. 


Rocky Mountain Coal Min. 
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tically as well as the larger sizes. These results are somewhat different 
from other gravity methods. 
It has not been possible to obtain extensive figures from dry-cleaning 


plants. The results shown in Table 5 are from a going plant and were 


taken throughout the entire day of Aug. 11, 1927. It is the intention at 
this plant to recover in the domestic sizes the bone coal which has been 
crushed from the pickings of the lump and egg sizes. 

No data have been given on bank loss. The analyses of the refuse 


will give some indication of this loss to the reader who is acquainted with 


the characteristics of the coal and who knows what the ash in the refuse 
ought to be at the washing gravity. It was not possible to get sink- 


- and-float data in all cases. There is perhaps a wide range of bank loss 


anywhere from 5 per cent. of float coal in refuse from the best perform- 
ance to 40 per cent. of float coal in refuse from.the worst performance. 
In some cases, not listed here, washery wastes have shown 30 to 40 per 
cent. float coal at the washing gravity. 


CoNCLUSION 


The aim of this paper has been to emphasize the following funda- 
mentals in the mechanical cleaning of bituminous coal: 

1. Necessity of washability studies. 

2. Type of plant adaptable to coal studied. 

3. Plant control and performance. 

4. Cost of washing—all factors. 

The new era demands that the coal-preparation equipment be just 
as efficient as the modern by-product coke oven and blast furnace. Ifa 
coal demands wet washing, it should be wet washed, but it should be 
wet washed well; if it demands dry cleaning, it should be dry cleaned, but 
that also should be well done—for, to quote the old adage, “‘ whatever is 
worth doing at all is worth doing well.” 
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Cra Munaieee! New York, N. Y.—The blast-furnace featte “are inter 
in the cleaning of coal, for clean eta gives us clean coke. To the average coal 
naturally, it means extra work. 

What I like about Mr. Campbell’s paper is the thoroughness with which h 
gone into the matter, and the fairness, taking up the different subjects of coal wasl 
and the different methods of coal washing and coal cleaning, wet and dry. 

I have always had the feeling that I wanted the dry method. So far, we have abe _ 
succeeded on a large scale. There has been good work done in dry cleaning i in the © 
country but the disadvantage of dry cleaning has been the neneesiy: of sizing all the _ 
coal definitely. 

The most interesting part to me is his study of the washability of coal. ioe 
those studies, if they are interested, blast-furnace operators can determine fairly 
well whether the coal that is used for their coke can be washed economically and 
satisfactorily. That has not been brought out before so clearly in any paper we have 
had, and it is valuable. ; 

We need more coal washing, more coal cleaning. We have had experience, for 
instance, with some of our coals when by better and more careful mining, by taking 
out the slate and getting the coal clean, we have materially improved the quality of 
the coke. It is not a question of taking the coal out of the ground and making the 
best of it; it is a question of taking it out of the ground in the best manner. 

We will come to coal cleaning more and more. The demands made upon the 
blast-furnace men by customers are becoming severe. Competition is becoming more 
severe, and it is surprising how much can be done in the way of more economical 
work and better quality, more uniform quality of pig iron, if we have a uniform coal. 

We can get that coal, as a rule, by cleaning. There are mines that are delivering 
coal that does not have to be cleaned, but I have in mind mines, which are doing 
good work, that run in ash, for instance, from 6 to 14 or 15 per cent. carload lots. 
That means irregularity, and that is where the advantage of cleaning comes in 


R. E. Rigurmirn, Fairmont, W. Va. (written discussion).—This paper is com- 
prehensive as to methods of investigation and processes for mechanical cleaning. 

In carrying out float-and-sink tests, which are universally recognized as basic in 
such investigations, there appears to be difference of opinion as to the practicability 
of attempting separation of the smaller sizes; some investigators report considerable 
difficulty in getting dependable separation of sizes below 20 mesh, while the author 
advocates separation down to 48 mesh for results in calculating composites. 

Each of the two outstanding processes, dry and wet, has its advantages and dis= 
advantages, and final selection undoubtedly should be determined largely by the 
nature of the coal itself as a cleaning problem, together with the standard demand 
of the finished product. 

The moisture in wet-cleaned coal is an important feature, especially for such coal 
in commercial shipments. Aside from its effect on quality and ultimate cost to the 
consumer is the important consideration of frozen contents of railroad cars when the 
wet-cleaned coal moves in the colder climates. 

The cost of reducing satisfactorily such moisture content is a variable, dependent 
principally, as Mr. Campbell points out, on cost of power and for maximum reduction 
on the additional cost of heat for drying. 

Dry cleaning is free from the moisture difficulty but it presents instead the dust 
problem, which apparently has not been satisfactorily solved to date. For greater 
advantage and more favorable reception to cleaning installations undoubtedly it 
will be necessary to work out some less expensive method than is yet extant for dust 
elimination as well as moisture reduction. 
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The need for mechanical cleaning is dependent on inability to secure by some 
other, less expensive, practical methods the quality of coal necessary, for, as Mr. 


_ Campbell has pointed out, we cannot expect to wash coal without appreciable cost 


and we cannot adopt any unusual measures in handling coal for betterment in quality 
without some addition to the ordinary cost. . 

Frequently the ash content under regular production methods is satisfactory but 
sulfur content due to mine variations is more difficult to control. Such conditions 
do not necessarily call for mechanical cleaning to produce satisfactory product, for 
in many instances selection according to sulfur content in individual working places 
and control of loading for shipments gives a satisfactory product and renders unneces- 
sary the expenditure for cleaning-plant installation and attendant operating costs. 

It would seem that mechanical cleaning will come into increasing favor with the 
more general adoption of mechanical loading of coal in the mines, but there are some 
nice problems to be worked out in that connection and some careful balances to be 
struck before the coal producer can be assured positively that the mechanical cleaning 
of coal mechanically loaded in the mine is the most advantageous road to steady, 
satisfied markets and satisfactory money return on his investment and efforts. 


C.. E. Locxr, Cambridge, Mass. (written discussion)—Mr. Campbell’s paper 
gives added evidence that after a long period of comparative inaction the operators 
are coming to realize the need of removing impurities from coal and especially of 
studying how the removal can be made most cheaply and efficiently. 

As compared to the concentration of ores, the cleaning of coal has progressed 
more slowly from the viewpoints of both theory and practice. The fault for this 
does not lie entirely with the operators, because the economic conditions in the two 
industries are quite different. Coal is a relatively low-priced commodity found in 
abundance in our country. Competition is keen and the margin of profit is small. 
The general custom of marketing coal on a quantity basis (by tonnage alone) rather 
than on a quality ba:.s (by determination of British thermal units, ash and sulfur) 
still prevails at most mines. Consequently, there has not been the incentive to 
produce clean coal. In fact, the result has been just the opposite. The main thing 
desired has been tonnage and as long as a coal company could sell a carload of coal 
containing a quantity of removable slate at exactly the same price per ton as could 
be obtained for clean coal after the slate was removed, why should the company go 
to the expense of removing the slate, and at the same time lose the money that would 
have been received for this same slate if it had remained mixed with the coal? 

Perhaps of all the ores, iron ore comes nearest to coal in being relatively cheap and 
abundant, but even that is not handicapped by the quantity or “tonnage” factor. 
Washing operations on the Mesabi iron range are governed largely by the call for 
high-grade product rather than high extraction of iron. The amount of iron lost in 
the tailings from washing would surprise a coal man who would feel that he was a 
profligate if he let good coal go to waste in the same proportion. 


Mr. Campbell, perhaps unconsciously, has given an excellent illustration of the 
predominance of the idea of tonnage in the minds of coal men. In discussing costs 
on pages 328 and 330, he includes “‘bank loss,” or loss of coal in the cleaning operation 
asanitem of cost. In other words, costs are calculated per ton of cleaned coal whereas 
on ores the custom is to figure all costs to the basis of a ton of raw material before 
treatment, and loss of values during treatment is a deduction from the original gross 
value of his ore. Actually, the end point in the two cases is the same, but the view- 
points are very different. The ore man is aiming for quality and the higher the grade 
of his concentrates, the better the price he gets, and he is often warranted in throwing 
away values in the waste product in order to attain hisend. It is stated that Marcus 
Daly, when told that he was throwing away money in the form of the large amount 


: 
of copper that he was allowing to go to winnie in the tailings of emery conda 
replied to the effect that this did not worry him as copper was he cheapest tk 
he had. The viewpoint of a coal man makes it difficult for him to see the 
‘quality’ factor often makes it possible for an ore man to net more profit by — 
10 per cent. of his values with the waste than by rejecting only 5 per cent., and that 
sometimes without any concentration no profit at all may result. , ox 
In all concentrating operations there are the three elements of capacity, eheeaes s 
and cost which are more or less opposed to one another. Higher capacity means 
lower efficiency with lower cost per ton, but may in the end yield a higher daily profit. 
Mr. Campbell aptly remarks that the general public is not yet educated to buying 
on a quality basis, but adds hopefully that it will come in time. Let us speed the 
day! For when that day comes, it will mean the solution of some of the present 
financial problems in coal cleaning. But in the meantime, not only the public but 
also the operators can gain by education. There is need of closer cooperation between 
ore dressing and coal washing for exchange of ideas. Both parties have kept too 
much by themselves. It is significant that when Mr. Campbell’s paper was presented 
it did not even come to the coal session, but was read at the iron and steel session and 
‘that coal-washing papers were segregated from ore-dressing papers, which were 
handled by the Milling Committee. 
Leaving the economic side, the fundamental principles and processes for con- . 
centrating ores and coal are nie, the same. The investigations of Robert H. 
Richards and others on ores have demonstrated the laws of sizing, of classification 
by free and hindered settling, of jigging with pulsion and suction, and of washingon =— 
tables. An elementary knowledge of these laws is sufficient to show the advantage 
of jigging a sized product as compared to an unsized product, or of using classified 
products as feed to tables as against unclassified feed, and the futility of expecting a 
coal washer of the classifier type, such as the Robinson washer or the Menzies Hydro- 
Separator, to be able to remove anything but the coarser particles of slate, leaving 
the fine still mixed with the coal. There still remains the unexplored field of strati- 
fication, as in the Rheolaveur, the laws of which have not been studied in an experi- 
mental way. When these laws become known, it is not at all unlikely that they will 
be found to have application in the treatment of ores as well as coal. 
It is gratifying to find that for this country there seems to be coming a realization 
of the value of washability curves, as illustrated by Mr. Campbell, in interpreting 
the results of float-and-sink tests. We adopted the float-and-sink apparatus for testing 
years ago, but have lagged behind Europe in methods of plotting and studying results. 
The use of the word ‘‘mesh”’ in designating size of opening in screens does not give 
the reader the exact size of the hole. Perhaps Tyler Standard screens were used, 
although nowhere is it so stated. Incidentally, here is a good opportunity for the 
coal man to educate the ore man instead of following his lead. Unfortunately, on 
ores custom has sanctioned the use of the term ‘‘mesh”’ although it is meaningless as 
far as designating the exact size of the screen hole is concerned. With coal, especially 
anthracite, screen openings have been given exactly in fractions of an = Now is 
the time for the coal people to rally to a call for standard use of either inches or 
millimeters and do away with the indefinite term mesh. Would it be too much to 


ask Mr, Campbell to set a good example by changing his mesh to exact sizes in 
millimeters? 


J. R. Campseu (written discussion).—Mr. Meissner speaks about the thorough- 
ness and fairness with which the subject has been handled. There is no other way 
and it is always the aim of the writer in treating technical subjects to ‘“hew to the 
line.” There are some outstanding coal-washing jobs on the market and there are 
others, as Professor Locke says, that have limited application. The coal operator 


roduction of excessive fines, 
all through the paper, Tyler. standard screens are 
n d h hole openings for the large sizes. The square 


methods of predicting the probable strength of coke made from coal, and © 
recently several investigators in the United States have reported the use 
of various tests for this purpose. There is at present no method accepted 
as standard, however, nor is there even agreement as to the general type 
of test that should be used. Furthermore, because the details of most 


Test for Measuring the Agglutinating Power of Coal* 


By S. M. Marsuatt,t New Yorks, N. Y. ann B. M. Brrp,{ Tuscatoosa, ALA. — 


(New York Meeting, February, 1929) Pig 


For a number of years European investigators have used laboratory 


aes ee eS 


of the tests have not been worked out carefully, one investigator can not 
hope to duplicate the work of another. 


The extension of coke manufacture to new localities in the United 


States, and the increasing need for cokes of exceptional qualities made 
from the most economical mixtures, made it desirable to have some 
simple laboratory test which will determine whether given coals, alone 
or blended with other coals, are more satisfactory from the standpoint of 
coke strength than others of different cost. The work described herein 
has resulted in the development of a simple laboratory test which, it is 
believed, can be generally adopted in coal laboratories, and which will 
give concordant results even though performed by different investigators 
in different laboratories. 


The general method of predicting whether a coal or a mixture of 


coals will produce a strong coke, resistant to crushing and shattering, has 
been to correlate the known strengths of the cokes produced in com- 
mercial ovens with some measurable constituent or with some property 
of the coals, and then to use the relationship so found for forming an 
estimate of the coking strengths of coals unknown. Several such correla- 
tions have utilized the percentages of the various ultimate constituents 
of coal, such as the oxygen content and the hydrogen-oxygen ratio; § 
other correlations have involved the proportion of a, B and y com- 
pounds, “!7,71.0) or of “oil and solid bitumens.’’%3 Also a relationship 
has been traced between the coking properties of coal and the rate of 
change of the resistance offered to the flow of an inert gas by fine particles 
of the coal while being slowly heated.“':17) But the most general corre- 


* Published by permission of the Director, U. 8. Bureau of Mines. 
{ Consulting Engineer (Perin and Marshall). ' 
{ Supervising Engineer, Southern Experiment Station, U. S. Bureau of Mines; 


at time of investigations described herein, Supervising Engineer, Northwest Experi- 
ment Station, Seattle, Wash. 


§ Numbers in parentheses refer to bibliography at end of paper. 
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lation has been made between the properties of the coke and the aggluti- 
nating power of the coal as determined by some test involving the 
capacity of the coal to cohere large proportions of some inert! material, 
such as sand, or a pulverized carbonaceous material. 

The agglutinating test to be described in this paper was developed 
during an investigation conducted by the U. S. Bureau of Mines, the 


Pacific Coke & Coal Co. and the University of Washington. During this 


investigation, which had for its purpose determination of the washing and 
coking properties of certain coal seams in Pierce County, Wash., the 
senior author was faced with the problem of determining whether cokes 
manufactured from those coals would be suitable for use in the iron blast 
furnace. Of prime importance was the question of whether the cokes 
would have the required strength and the required resistance to shattering. 
As there was no blast-furnace plant in that territory, and as only small 
samples of the coals were available, resort was naturally had to existing 
methods of predicting the strength of cokes by agglutinating tests, such as — 
those first proposed many years ago by Richters“» and Campredon. 
However, a careful study of these and subsequent tests revealed many 
particulars wherein the procedures seemed faulty. The effort to evolve 
a more reliable test resulted in one containing the essential features of 
that to be described in this paper. 

After concordant results could be obtained on duplicate tests of the 
same coal the test was used to determine the agglutinating values of 
coals now used in various parts of the United States in the manufacture 
of coke for the iron blast furnace. Coals were selected that give strong 
cokes, medium strong cokes and weak cokes. Between the known 
strengths of these cokes and the agglutinating values of the coals a very 
consistent relationship was found, indicating that the test affords a 
reliable index to the coking strength of coals. For this reason it seemed 
to merit consideration as a standard method. However, because many 
parts of the procedure in the original investigation had been worked out 
hurriedly it was felt that before the test was offered as a standard method 
those details should receive further study. This supplementary investi- 
gation has been carried on at the Northwest Experiment Station by the 
junior author and Kenneth A. Johnson, junior chemist. 

As the procedure in its present form is usable and reliable, this paper 
has been prepared as a progress report of the work for the benefit of 
those interested in the coking of coal. 


Summary oF Previous TEstTs 


Practically all agglutinating tests involve the carbonization under 
standard conditions of a small sample of carefully prepared coal, either 


1 This term is used iecagion: the paper although it is recognized that none of ‘the 
so-calléd inert materials are truly inert in agglutinating tests. 
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alone or mixed with an inert material, ere some tests of the resulting esis 


button which serve to indicate the agglutinating value of the coal. To 


facilitate comparison and discussion of these tests Table 1 has been 


prepared, giving the essentials of each. The table has been divided into 


columns showing (1) whether or not an inert material is used and, if so, 
its nature and preparation; (2) the method of preparing the coal; (3) the 


details of preparing and testing the buttons; and (4) the agglutinating © 


value. The intention has been to arrange the different tests in the order 
. in which they were first proposed but in detailing them to use the latest 
published description. Whenever several investigators have used essen- 
tially the same procedure, a reference has been made to the fact i in the 
appropriate column. 

1. The use or nonuse of an inert material is one distinguishing feature 
of any test. Some form is used in all but four of the tests. In the earliest 
tests the material employed was sand, usually composed of rounded 
grains; in the more recent tests electrode carbon has been favored. 
Most of the tests using an inert material specify that it shall be closely 
screened and in some instances that it receive other preparation. 

2. In the preparation of the coal no two tests are alike. The sizes 
of screens through which the coal is crushed vary from 30 to 120 mesh; 
three tests even involve the use of sized coal. Everything from coal 
dried at 105° C. to coal saturated with moisture has been used ; often 
there are no specifications as to moisture content. 

3. Equally great diversity of opinion is shown in regard to the best 
methods of preparing the coke buttons. In some tests both the weight 
and the volume of the buttons before coking are varied; this group 
includes all tests in which varying weights of inert material are added 
to a constant weight of coal. In others the volume only is varied; 
this group includes tests in which the weight of button is kept constant 
but the proportions of coal and inert material are varied. Only three 
tests involving the use of an inert material maintain both weight and 
volume constant. In two of the four tests using no inert material 
volume alone determines the size of buttons. Under the caption in 
Table 1—Miscellaneous Preliminaries—are included what are probably 
the weakest points of most procedures for the preparation of the buttons. 
No description of any test involving the use of inert materials records 
adequate precautions for preventing segregation of the ingredients of 
the buttons in the interval between mixing and coking. Only one 
investigator seems to have recognized the necessity for compressing the 
coal, or the coal and inert mixtures, before coking in order to bring the 
components of the buttons into intimate contact. The container for 
the buttons generally adopted in the earliest tests was the crucible, but 
in recent procedures the tendency has been to use cylindrical tubes. 
The temperatures of coking are generally in the range from 800° to 1000° C. ; 
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in three tests the coal is heated slowly. As sources of heat the muffle 
and the Meker or Bunsen burners are favorites in the early tests; in the 
most recent some form of special tube furnace is generally recommended. 
The time of coking, if fixed, is generally 5 to 7 min., but commonly it is 
a variable period depending upon the evolution of volatile matter. 

The tests of buttons are mainly of two kinds. Those buttons in 


which the proportions of inert material are varied must generally with- 


stand some fixed test such as supporting a given weight, sometimes with 
a requirement as to the percentage of detritus; several tests depend upon 
visual examination or upon some other scheme involving the skill and 
judgment of the operator, such as the breaking of the button in the 
fingers. Buttons made with constant proportions of coal and inert 
materials are generally crushed in a testing machine. Those containing 
only coal are tested by some means suited to other conditions of the test. 
Only three tests involve truing-up the surface of the buttons prior to 
crushing. The test of Coffman and Layng,“” which is an application 
of Foxwell’s “plastic curves’’“’® to the measurement of agglutinating 
values, consists of passing an inert gas through the coal while the carbon- 
ization progresses. 

4. The favorite agglutinating value has been the maximum ratio: 
Weight of inert material divided by weight of coal in the button, which 
just met or failed to meet the breaking test that the investigator adopted. 
In some tests this has-a single value, the maximum attained; in others, 
the results are shown as a curve in which the breaking strength is plotted 
against the ratio of inert material to coal. In a few cases an equation is 
used in which the inert-material ratio, breaking load, percentage of 
fines produced by crushing, and/or other factors are incorporated to 
produce a factor which is merely a number that has no direct relation 
to the load carried by the button. In several tests the crushing strength 
per unit area is the agglutinating value. 


CHOICE OF PROCEDURE FOR AGGLUTINATING TEST 


An examination of the work of other investigators leads to the 
conclusion that the general type of agglutinating test involving the 
coking of small amounts of coal and the testing of the resulting coke 
buttons is sound in principle, but that the procedures of the tests thus 
far proposed are faulty. Accordingly, all effort during both the original 
and the supplementary investigation has been concentrated on working 
out the details of the type of test of which the fundamentals have already 
been shown to be satisfactory. Each step in the procedure has been 
studied, and if some part of a previous test has met the requirements, 
it has been used; only when necessary has a totally new procedure been 
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developed. The proposed procedure will be discussed? under the same 


divisions as made in Table 1. . 


Inert Material 


In the choice of an inert material the important considerations are 
suitability of the surface for deposit of the agglufinant and practicability 
of preparing duplicate quantities of the inert material. For providing 
a surface on which the agglutinant will deposit sand, coke, anthracite 
coal and electrode carbon have been shown by various investigators to 
be satisfactory. The deciding factor as to which of these to use in a 
standard test. is the practicability of preparing duplicate samples of 
precisely the same quality. In this connection Barash® reports “. 
using the same samples of coal and the same method but different samples 
of the inert material, electrode carbon, that identical results were 
obtained.” Fulweiler and Cleveland“® also report concordant results 
in changing from electric arc-carbon pencils to Acheson graphite, but 
that they obtained higher values in changing to high-carbon coke. 
Further they report, although using slightly different sizes of sieves for 
screening the electrode carbon, that they succeeded in obtaining con- 
cordant results on two of the coals tested previously by Barash. These 
results are surprising. Certainly, judging from the nature of this 
material and its mode of preparation, no one could reasonably expect 
to prepare at different times samples of electrode carbon that would be 
more than approximately alike. One would expect the shape of grain 
and the porosity of the individual grains, which has been shown to affect 
the agglutinating values vitally,“:?89 to vary even if the materials were 
obtained from the same source and were crushed by the same person in 
the same machine. Because of the many variable factors, it can not be 
expected that the experience of these investigators in duplicating results 
would occur very often; normally, some means will be necessary for 
correlating results obtained with different lots if electrode carbon. is 
used. Although any single investigator can accomplish this by running 
parallel tests with the same coal, no satisfactory means suggests itself 
for two different investigators to compare their results. For this reason, 
electrode carbon, as well as coke and anthracite coal, for the same 
objections would apply to them, do not appear to be suitable as standard 
inert materials. 

Obviously, the ideal would be spherical grains of uniform size and of 
uniform surface texture. This suggests well-rounded grains of very pure 
silica sand. ‘The area and character of the surface of different samples of 
equal weight will naturally tend to be uniform; in addition the surface 


? All of the refinements added during the supplementary investigation, as far as it 
has gone, have been included. Kenneth A. Johnson, junior chemist, is continuing the 
investigation at the Northwest Expériment Station. 
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can be accurately measured by the methods recently proposed by Gross 
and Zimmerley® in the United States and by Martin, Bowles and 
Christelow®?® in England. As Kreulin®®) and others have shown the 
numerical measure of the agglutinating value to depend upon the 
amount of surface of the inert material when the character of surface is 
constant, no question need arise, in the use of sand, as to whether 
two sets of agglutinating values obtained by the same procedure 
are comparable. 

Against the use of sand there is the objection raised by Dunn“ 


that it might fuse with constituents of the ash. This seems far-fetched 


in view of the low temperatures, under 1000° C., commonly employed for 
this test; but if it is granted that in some rare instance fusion might occur 
in testing a coal having an exceptionally low fusing ash, that fact can 
easily be detected by examining the sand after the test. The advantage 
of a uniform quality of surface in the inert material, and the further 
advantage of a surface that can be measured, will more than compensate 
for the trouble of examining the crushed residue from a few exceptional 
coals. A further objection to sand has been pointed out by Barash 
and Kreulin*), that it differs markedly from the coal in specific gravity 
and therefore will be more apt than a carbonaceous material to segregate 
in the coke buttons prior to coking. However, this is hardly a valid 
argument in favor of a carbonaceous material such as electrode carbon, 
because carbon is also appreciably higher in specific gravity than coal; 
hence some step for preventing segregation of the inerts between mixing 
and coking is needed also in procedures in which it is used. Since this 
step is necessary, it may as well be adapted to the use of sand. 

The proper preparation of the inert material is a matter of some 
importance. To facilitate the preparation of duplicate samples of sand 
close sizing is important. This is an added advantage in the use of sand 
in place of carbonaceous materials. Accurate screening of friable 
materials such as anthracite coal, coke, or electrode carbon, especially 
in the smaller sizes, isimpracticable. Furthermore, after friable materials 
are screened they are undergoing constant degradation, which is rapidly 
increasing the amount of surface and thus is introducing inaccuracies into 
the work. The exact meshes of the sieves for this purpose do not appear 
to be of great importance; they should be as fine as possible and as close 
together as practicable without rendering the screening unduly tedious 
and inaccurate. This condition is admirably met by the 40 and 50-mesh 
sieves (0.381-mm. and 0.279-mm. openings, respectively) of the W. S. 
Tyler Co., Cleveland, Ohio. The odd meshes are to be preferred to 
those in the Tyler standard screen scale, because there will be less 
tendency to use the sieves for other purposes than screening the test sand. 
Where accuracy of screening is desirable the screens should not be used 
for any other purpose; also, they should be frequently replaced. 
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as to rounded grains (see Fig. 1) has been obtained from the Ottawa Sand 
Co., Ottawa, Ill. It may be purchased already screened to approximately 
the correct mesh, but it should be rescreened in order to have the close 
sizing desirable for this test. As commercial screens become worn and 
so deliver a product. larger than the specified mesh it is desirable to order 
a sand having a somewhat larger range of sizes than required, as between 
40 and 60 mesh. 


“ae 


A sand analyzing over 99 per cent. SiO. and meeting the requirement — 


In addition to close sizing, sand for an agglutinating test generally 


requires some further preparation. There is always the possibility 
that the surface may be coated with clay, salt, or other foreign materials. 


Fie. 1—ROoOuUNDED GRAINS OF SAND USED AS INERT MATERIAL. 


Meurice,°?® Deville“ and others have washed their sands with dilute 
hydrochloric acid. Carbon tetrachloride is also satisfactory. After 
the sand is clean and dry it should be kept in tight cans to prevent 
contamination with dust and other impurities. 


Preparation of Coal 

The coal should be as nearly as possible in the condition in which it 
will ultimately be coked. If the coal is to be coked without washing it 
should be sampled at the tipple where it is prepared; should this be 
impracticable, the best procedure will generally be to secure samples from 
the mine. These should be taken over as large an area underground as 
circumstances permit, to give a correct idea of the agglutinating prop- 
erties of the bed as a whole. The importance of this precaution can 
not be too strongly emphasized. Several instances have been found 
during investigations at the Northwest Station where a seam, really 
composed as a whole of excellent coking coal, has at certain points over 
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4 a small area given unsatisfactory test results owing to local anthracitation, 
or to some other cause.. The sample, whether from tipple or from mine, 
= should be large enough to be representative (see Technical Paper 133, 
U.S. Bureau of Mines, for sizes of representative samples). After it is 
crushed to pass a 14-in. screen it should be carefully mixed, several pounds 
should be placed in an airtight container, and the container sent promptly 
to the laboratory. If the coal will ultimately require washing before 
being used for the manufacture of coke, and it is impracticable to obtain 
samples of washed coal of suitable ash content, the sample must be so 
tréated as to approximate that preparation. For this purpose the 
float-and-sink separation at a suitable specific gravity is convenient. 
As complete float-and-sink tests on a series of solutions of different specific 
gravities are usually available, no difficulty will ordinarily be experienced 
in determining the specific gravity of solution to use in floating the portion’ 
for the agglutinating test. If, for example, the float-and-sink investiga- 
tions have shown that a separation at 1.50 specific gravity is required for 
a washed coal of suitable ash content it follows that the coal for the 
agglutinating test should include the portion floating on a solution of 
that density. As the fact is well established that a high ash content of 
coal decreases the strength of the coke, proper cleaning is a very neces- 
sary part of the preparation of the sample for the agglutinating test. 
Of course, the ‘‘float”’ from a float-and-sink separation is not the exact 
equivalent of a washed coal; but it is the nearest thing obtainable on 
a small scale and usually represents the washed product with 
sufficient accuracy. 

The moisture content of the coal must be standardized if tests are 
to be comparative. Drying the coal at 105° C. and keeping it in tight 
containers prior to the test has been advocated; however, this method 
is faulty because coal rapidly takes up moisture from the atmosphere 
whenever the container is opened; hence coal prepared in this manner 
always has an uncertain moisture content. Moreover, the drying of 

_ fine-size. coal at 105° C. is open to the objection that it increases the 
rapidity of oxidation, vitiating the coking properties of the coal. Never- 
theless, as drying at 105° C. affords a convenient means of bringing coal 
to a standard moisture content, an effort has been made to overcome 
these objections. Oxidation has been minimized by drying the coal in 
the coarse condition in which it is received at the laboratory. Variations 
in moisture content have been prevented by allowing it, before it is 
ground, to come approximately to laboratory conditions, after which it 
is kept for 24 hr. at a temperature of about 25° C. in an atmosphere of 
about 40 per cent. humidity. Experience has shown that if the ground 
coal after such preparation is kept in a tight container, except for the 
exposure to the atmosphere incidental to the conduct of the agglutinating 
test, the moisture content will remain very uniform. 


—_ >See 


The proper - grinding of the coal for this test seems ye have 
established in Meurice’s®” original work. He shows aggluti ati 
values for coals ground to pass various meshes; below 80 mesh h é 
nearly constant values. Besides showing that the coal should be at 
least as fine as that, his results also indicate that, unlike the inert material, 


the coal requires no further sizing. This fact is of particular importance, _ 


because a sized coal such as that used by Qvarfort,“# Ahrens, and — 
more recently by Coffman and Layng,“” might not contain the same 
proportions of the different constituents as the unsized coal. In the 
present test the 100-mesh Tyler standard sieve (0.147-mm. opening) 
has been taken as the standard opening through which the coal has 
been ground. 


Buttons 


Constancy in the weight and size of buttons for all coals is certainly a 
requirement of a standard test. Obviously the addition of varying 
amounts of inert material to a constant weight of coal could not be © 
expected to give a uniform relationship between the agglutinating value 
and any property of the coke. The inequalities in the scale of aggluti- 
nating values obtained by this method have been pointed out by both 
Foxwell“” and Burdekin,‘ as follows: “. . . the Campredon scale 
of caking is most unsatisfactory from a mathematical point of view. 
This may be readily seen by plotting the Campredon ratio against the 
percentage of coal in the mixture, thus: 


Campredon Ratio Coal, oe Cent. Difference for 1 ‘‘degree”’ 
mc 4.76 0.24 per cent. 
19 5.0 
5 16.6 . 
4 20.0 3.4 per cent. 


A difference of one “‘degree,”’ 7. e. 19 to 20, or 4 to 5, represents a dif-— 
ference in percentage of coal from 0.24 per cent. to 3.4 per cent. in the 
two parts of the scale. ‘Thus these investigators conclude, Since there 
are such large differences between the values of a unit at different parts 
of the scale, the Campredon ratio may be very misleading.”’ 

This scale, which gives an agglutinating value relatively too high 
for strongly coking coals, is further distorted as a result of the larger 
size of buttons obtained in testing strongly coking coals. From a 
structural standpoint a large button containing a certain amount of 
agglutinant per unit weight will sustain a much heavier weight than a 
small button containing the same proportion of agglutinant; this fact 
will tend also to make the agglutinating values for strongly coking coals 
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relatively too high. To a lesser extent any procedure in which the 
proportions of inert material and coal in the buttons are varied, even 
though the total weight of the buttons be kept constant, is open to the 
objection of variations in the size of buttons, especially if the specific 
gravity of the inert material used in the test. differs materially from that 
of the coal. 

Variations in the proportions of inert material in the buttons are 
open to two further objections. The first of these is the possibility that 
the true maximum agglutinating value may not be found. Several 
investigators have reported in certain coals two maxima in the curve of 
crushing strength of the buttons against the percentage of inert mate- 
rial“.7@ or against the amount of surface.‘ The low agglutinating 
value occurring between these maxima may easily cause the first maxi- 
mum to be mistaken for the maximum agglutinating value of the coal. 
The second of these objections is the lack of directness from an experi- 
mental standpoint of any method for determining the agglutinating 
value requiring a number of trials. For both these reasons as well as 
for the one previously discussed, an agglutinating test should be based 
upon constant proportions of coal and inert material. 

In fixing the ratio of inert material to coal there are two considerations. 
The amount of inert surface should be sufficient to use all, or nearly all, 
of the agglutinating material in the button. But, at the same time, 
the button should have a measurable strength for a weakly coking coal. 
In fact, any test for measuring the agglutinating value should favor 
the weakly rather than the strongly coking coals, for its principal value 
lies in its usefulness in determining whether or not a coal of doubtful 
coking quality is suitable for some commercial project. Judged from the 
literature, any ratio from 10 to 17 parts of sand to one part of coal appears 
usable. In developing the present test, before a standard was adopted, 
a number of experiments were made using 5, 10, 15 and 20 parts of 
sand mixed with one part of coal. As 10 parts seemed to give the best 
proportioned scale, that ratio was adopted. 

The preparation of the buttons should involve, in the first place, 
some step to prevent segregation of the inert materials in the interval 
between mixing and coking. The mere rolling of the mixture of inert 
material and coal while it is being poured into the container, the method 
advocated in most procedures, is insufficient to keep them from reseparat- 
ing. When these tests were begun the materials were mixed dry, with 
most irregular results in the strengths of buttons. A visual inspection 
of the coked mixtures, even though the coal and sand had been mixed 


- with the greatest care, showed irregular distribution of the sand. Owing 


to differences in specific gravity, angle of repose and coefficient of friction 
between sand and coal, segregation had occurred either during the pouring 
of the ingredients into the crucibles or while the mixtures were standing 


in the crucibles subject to the slight tremors of the building. 


best method of preventing segregation is to dampen the berate of : ; 
each button with a small amount of some liquid. The amount added roa 
must be accurately measured by some means such as a standard dropper 


used for surface-tension experiments, because the agglutinating values 
have been found to decrease rapidly as the percentage of liquid is 


increased. Water was first used to dampen the mixture. All of the 


test results given later in this.paper were obtained using three drops 


of water per button. The objection to water is thexvariable amount _ 


evaporating in different tests during the mixing 
of the buttons. To obviate this difficulty, a 
change was made to glycerin. At the present 
time one drop of glycerin weighing 0.07 g. is 
- added to each 25-g. button. 

In the second place, the preparation of the 
button should involve leveling the mixture of 
coal and sand, after they are in the crucible. 
This may be done with a small leveling device 
as shown in Fig: 2. 

In the third place, some step gana be 
provided for bringing the particles of coal and 
sand into intimate contact. Two methods sug- 
gest themselves, tapping the crucible and com- 
pressing the mixture. The first was rejected 


.—DEVICE FOR Fig. 3—APPARATUS FOR 


Fria. 
LEVELING MIXTURE OF SAND COMPRESSING MIXTURE OF 
AND COAL IN CRUCIBLE. SAND AND COAL IN CRUCIBLE. 


after a number of trials because it was too difficult to duplicate and 
because it might cause some of the sand to separate in the mix- 
ture. In working out the second the pressure has gradually been 
increased until the crushing strength of the buttons has approached 
a maximum. The pressure of 6 kilos so determined is advocated on the 
postulation that the agglutinating values will be more uniform and 
comparative than with some lower pressure. The device recommended 
for compressing the mixture is shown in Fig. 3. 

The type of container does not seem to be a matter of great impor- 
tance so long as it is a standard article of uniform dimensions and is 
generally available. Coors porcelain crucibles meet the requirement as to 
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Vig. 4—CarBONIZING FURNACE. (IMPROVED FORM DEVELOPED BY PITTSBURGH 
EXPERIMENT Station oF U.S. BUREAU OF MINES.) 
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ae 
availability. Uniformity of dimensions has been checked ear 


ees. 
large number of crucibles so that the breaking strengths of the buttons 


from each could be compared. No crucible has been found with any 
tendency to give on the average a button of higher or lower breaking 
strength. The Coors high-form crucible No. 1 (height, 33.5 mm.; 
diameter at top, 38.0 mm.; diameter at bottom, 18.0 mm.; capacity, 
25.5 ¢.c.) is recommended; ‘this crucible is suitable for a 25-g. button 
composed of 10 parts of sand and one part of coal, which is mae in the 
test to be described later. 

For the temperature of coking, 950° C. is advocated. However, 
when an agglutinating test at 950° C. indicates a coke of doubtful strength, 
or for some other special reason, the scheme of Charpy and Godchot™ 
might be tried—varying the temperature to see if a stronger coke may 
be made at other temperatures. 

The requirements for a suitable source of heat are three: uniformity 
of temperature, uniform application to the crucible on all sides, and a 
reducing condition. The electric tube furnace with pyrometric control 
of the temperature certainly meets the first two requirements, and if 
properly constructed, the third as well. Figs. 4 and 5 show the furnace 
used in carbonizing the buttons. In this, five crucibles set in the wire 
basket are coked at one time. To insure uniform heating of the top and 
bottom crucibles, one blank crucible filled with sand is placed above and 
another below the string of five crucibles containing coal. That the 
heating is uniform within the requirements of the test has been verified 
by averaging many hundred determinations from each position in the 
furnace; the averages of these showed remarkable agreement with 
one another. 

During the early part of this investigation efforts were made to get 
satisfactory carbonization in an electrically heated rectangular muffle 
furnace. Several crucibles were charged simultaneously and were 
carbonized at the same temperature later used with the circular furnace, 
but the results were irregular and could not be reproduced. A study of 
the irregularity showed that, owing to the differences in the rate of heat 
supply to the sides of the crucible, the carbonization had not proceeded 
uniformly, and the meeting point of the fingers which theoretically 
would form from the heated surface toward the center of the charge was 
not in the middle of the button. This was shown by the irregular failure 
of the buttons in the testing machines when the cones which were dis- 
closed by the cracking of the outside cylindrical surface of the button 
were found to be eccentric, with the apexes farther from the point of 
maximum heat supply. Efforts were made to protect the outside surface 
of the group of crucibles by surrounding them with idle ones but this was 
tedious and unsatisfactory and results were still irregular. Later 
experience in another laboratory has shown somewhat similar results 
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and it is believed that a circular furnace such as is described, which will 
heat the crucibles uniformly around the entire circumferences, is essential 
for good results. 

After the simultaneous charging of five buttons and two blanks, the 
temperature on the interior of the furnace drops about 60°. No effort 
is made to prevent this, the amount of current to the furnace being kept 
constant with an ammeter. After the first chilling of the furnace the 
temperature gradually returns to 950° C. and remains there during the 
last part of the coking period. Although the conditions in this furnace 
will naturally be reducing, a reducing atmosphere in the procedure to be 
described later is further safeguarded by the pouring on top of the mixture 


Fig. 5.—Crucistes BE- FF 1a. 6.—TESTING MACHINE FOR CRUSHING FINISHED 
ING PLACED IN CARBONIZING BUTTONS, 

FURNACE. 

in each crucible of a “blanket” of loose carbonized coal and sand from 
previous tests, and by placing on the crucible a porcelain cover. 

The length of the period of carbonization will be fixed by the time 
required to bring the temperature in the furnace up to 950° C. To insure 
complete carbonization at that temperature, the furnace temperature 
must be held at 950° C. for several minutes at the end of the coking period. 
In coking five buttons weighing 25 g. each, a period of 20 min. has been 
selected as standard. 

The logical test of buttons composed of a constant weight of coal and 
of inert material is crushing them in a testing machine. To prevent any 
variation in breaking strengths due to the rate of applying the breaking 
load the machine should be motor-driven. It should be of a type that 
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advances the platens at a uniform rate regardless of the resistance 
offered by the buttons. In most buttons two points of failure occur, a 
preliminary failure and an ultimate failure. The second is much the 


Fig. 7.—MACHINE FOR TESTING BUTTONS. 


1. Supporting column. 
2. Movable electrical switch to stop motor if testing machine is overloaded. 
3. Spring dynamometer registering to 25 kilos with all movable parts materially 
affecting readings equipped with roller bearings. 
4. Self-locking device mounted on main central shaft of dynamometer, with lever 
for releasing. 
5. Joint at right angles to joint at No. 10. 
6. Movable electrical switch to stop motor in case top platen is raised too high. 
7. Top platen, on which are mounted roller bearings to guide rods pulling lower 
platen. Platens touch only through these roller bearings. Rate of movement 0.048 
cm. per second. ; 
8. Button to be broken, with rubber pads or other means of equalizing pressure 
over top and bottom surfaces. 
9. Lower platen. 
10. Joint at right angles to joint at No. 5. 
11. Reversing switch. 
12. Stopping and starting switch. 
13. Transformer supplying 11-volt current to safety switches to prevent arcing. 
14. Magnetic switch to stop motor if safety switches open. 


more uniform, but it is often precipitated prematurely by the first, thus 
introducing an irregularity into the results. This must be obviated by 
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selection of a type of crushing machine that will advance the platens at 


a uniform rate and will permit no sudden jar on the first failure, as is the 
case where the crushing load is applied directly by the gradual addition of 


weights. The design of this machine should be such that only a straight 


crushing force is applied; any tendency to break the buttons on an angle 
should be guarded against. It should automatically record the maximum 
crushing strength, leaving nothing to the judgment of the operator. 
Friction in all guides and other parts affecting the crushing strength should 
be minimized by the equipping of those parts with roller bearings. A 
machine that has proved highly satisfactory is shown in Figs. 6 and 7. 
This is a standard Riehle textile machine that has been modified to meet 
the requirements just discussed. 

In breaking a button some means should be provided for equalizing 


_ the pressure over any inequalities in the surfaces in contact with the 


platens, especially over the slight concavity that occurs on the large end 
of the buttons from some coals. For this purpose soft rubber, such as is 
used for backing stamp pads, and thick rubber bath sponges have been 
tried. These have not proved entirely satisfactory, because they are 
sometimes softer in one spot than another and thus cause the button to 
break on a slight angle. As a pure hydrostatic type of pressure would 
evidently be the ideal, experiments are now being conducted with an 
equalizing device filled with liquid, the top of which is made of rubber 
covered with cloth. 

One other point regarding the testing of the buttons should be men- 
tioned. For some reason not understood, more regular results are 
obtained by allowing the buttons to stand for 24 hr. between carboniza- 
tion and crushing. 


Agglutinating Value 


Since the buttan formed in a crucible has a varying cross-section, 
the load required to crush it cannot be calculated to a unit area, and the 
total force must be taken as the agglutinating value. The breaking 
value should be the average of at least 10 buttons, in which the allowable 
deviation of any individual button from the average of the 10 is small. 
At the present development of this procedure, a test is remade if any 
button differs from the average of the 10 buttons by more than 10 per cent. 


ProposED AGGLUTINATING TEST 


The apparatus needed is mentioned in the order of its use: 

Sieves: 100-mesh Tyler standard (0.147 mm.) and 40 (0.381 mm.) 
and 50-mesh (0.279 mm.). The W.S. Tyler Co., Cleveland, Ohio. 

Mixing crucibles: Coors high-form porcelain, glazed inside and out, 
size 2, capacity 57 cubic centimeters. 


=) ae 
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Gastritis crucibles: Conk high-form porcela 
out, size 1, capacity 25.5 c.c., top diameter 38 mm.,_ 
18 mm., height 33.5 mm. Ghieneteamente on inside). A eS 5 

Sean decd surface-tension dropper (1 drop, 0.07 g.). Boat) 


Special funnel with small end that will just slip inside of carbonizing Bd 


crucible, used to prevent spillage. 


Leveling device shown in Fig. 2. is3> 


Compression apparatus shown in Fig. 3. 
Electric carbonizing furnace shown in Figs. 4 and 5. ~ 
Testing machine, Figs. 6 and 7. 


Inert Material 


A very satisfactory sand for use as an inert material has been obtained 
from the Ottawa Sand Co., Ottawa, Ill. This is a very pure silica sand 
composed of well-rounded grains. It is purchased already screened to 
approximately the correct mesh; but for greater uniformity it is care- 
fully rescreened through 40 and on 50 mesh. After the screening it is 
washed with carbon tetrachloride and thoroughly dried. Surface meas- 
urements for standardizing the sand are made by the methods proposed 
by Gross and Zimmerley.°® The sand at present in use has 89 sq. cm. 
per gram. 


Preparation of Coal 


A representative sample of the coal to be tested is brought to the - 


laboratory in a sealed container. If the coal is of higher ash content 
than will ultimately be coked the portion to be tested is separated from 
the remainder with a solution of zine chloride of the proper density to 
give the required ash or sulfur content. The coal for the agglutinating 
test, whether the ‘‘float’”’ from a separation made with zine chloride 
solution or a fresh sample from mine or washery, is dried at 105° C. and is 
allowed to stand 24 hr. at a temperature of 70° F. (21°C.) in an atmosphere 
of 40 per cent. humidity. After this preparation, which reduces the coal 
to a very stable moisture content, the sample is ground to pass a 100-mesh 
sieve and is placed in a tight container. At the time of grinding, separate 
samples are prepared for proximate and ultimate analyses, and for tests 
to determine coke and by-product yields in case those are desired. 


Preparation and Testing of Buttons 


Before the actual preparation of the buttons is begun, the electric 
furnace is turned on, so that it will be up to a temperature of 950° C. 
by the time the coal-sand mixtures are ready for coking. Also the sur- 
face-tension dropper is adjusted to form one drop (0.07 g.) in approxi- 
mately five minutes. 
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After the test sand has been remixed by rolling the container, 10 lots 
are weighed out, each containing 22.725 g. Next, 2.275 g. of coal, like- 
wise carefully mixed, is weighed out ready to add to the sand. One drop 
of glycerin from the dropper is now mixed through the sand alone and 
the mixing is continued for 30 sec. To this damp sand is added the 
weighed portion of coal, after which the whole is stirred for 60 sec. more. 
An efficient method of mixing the sand and glycerin, also the sand, glycerin 
and coal, is the following: The crucible, resting on a table, is turned with 
the left hand a little at a time in a counter-clockwise direction. At the 
same time a small spatula held in the right hand in nearly a vertical 
position is drawn repeatedly from the bottom of the crucible towards the 
top and simultaneously is moved horizontally in a clockwise direction 
around the side of the crucible. This method of mixing, which is very 
effective and rapid, will give a uniform consistency during the two 
prescribed intervals. 

-After the mixing is completed the leveling device serves to give 
an even surface to the contents of the crucible. Then for a period of 
30 sec. the mixture is subjected to a load of 6 kilos by use of the com- 
pression apparatus, Fig. 3. The empty space left at the top of the 
crucible is filled with a loose blanket of carbonized coal and sand remaining 
from preceding tests, and, as an added precaution, a porcelain cover is 
laid over the top. After all 10 buttons are prepared in this manner, 
five at a time are placed in a rack like that shown in Figs. 4 and 5. 

The buttons are carbonized, five at a time, for 20 min. at a maximum 
temperature of 950° C. Then they are set aside for 24 hr. before 
being crushed. 

When the buttons are to be broken the blanket is poured off and each 
button is placed in an inverted position on a soft rubber pad, or other 
device for distributing the pressure uniformly. The top is likewise 
protected by a small rubber pad. The button, with its accompanying 
pads, is placed in the center of the platen of the testing machine and is 
crushed. In addition to a record of the maximum crushing strength, 
notes are made of any unusual feature of the test, such, for example, 
as the failure of a button on one side, or any other irregularity that might - 
indicate some lack of care in the preparation. If any button 


- differs from the average of the 10 buttons by more than 10 per 


cent. the test is repeated. 


Agglutinating Value 


The agglutinating value is the average crushing strength in grams of 
10 buttons, determined in the manner just described. 

In order that the reader may have an idea of the variation between 
individual buttons and between duplicate tests, a few typical, average 
tests are given in Table 2 for the standard sample of Wilkeson coal in 
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use in the estas Tests 85 and 86 each have one button diene 
from the average by over 10 per cent. and so the tests would be repeated 
in ordinary testing. The average of tests 87, 88, 94, 95 and 98 is 8013. 
The maximum difference, shown in test 98, is 4.5 per cent. 

On a basis of the procedure as described, any coal with an aggluti- 


nating value over 3500 will make a satisfactory coke for blast-furnace 


use. A very strongly coking coal such as Pocahontas No. 3 should give 
a Tpite of about 8000. 


TaBLe 2.—Typical Data Obtained in Testing a Standard Sample of 
Wilkeson Coal 


Test No. 85 86 87 88 94 | 95 98 
8,250 | 8,075 | 8,200 , 8,200 | 8,375 L | 7,450 
8,100 | 8,300 | 8,500 | 8,075 | 8125 | 7,875 | 7,775 


7,750 | 8,000 | 7,675 | 7,850 | 7,975 | 7,400 | 7,400 
8,700 | 7,900 | 8,475 | 7,875 |. 7,750 | 8,475 | 7,900 
9,150 | 9,000 | 8,650 | 8,300 | 7,700 | 7,725 | 8,025 
| 7,900 | 7,750 | 8,000 | 7,600 | 8,650 | 8800 | 8,000 
| 8,150 | 7,975 | 8,275 | 8,300 | 7,475 | 9,100 | 8,100 
| 8,200 |. 7,500 | 7,700 | 7,400 | 7,900 | 8350 | 7,800 
7,875 | 7,700 | 7,900 | 7,350 | 8,150 | 7,550 | 7,350 
| 10,200 | 8,125 | 8,650 | 7,550 | 8,300 | 8,700 | 7,700 


Average....... 8,428 | 8,033 | 8,203 | 7,850 | 8,040 | 8220! 7,750 


CORRELATIONS 


Before .agglutinating values obtained by purely empirical methods 
can serve any useful purpose it must be shown that they bear a definite 
relationship to the strength and the resistance to shattering of oven cokes 
produced from the same coals. In addition it is desirable, as further 
evidence of the dependability of the test, to develop correlations between 
agglutinating values and constituents of the coal that are believed to 
indicate their coking properties. 

The data available on the test described are meager and more work is 
needed to establish them more fully. Furthermore, the correlations were 
all made before the test was in its present highly developed state, hence 
the relationships shown later would undoubtedly be more uniform if the 
tests were repeated by present methods. For instance, the buttons were 
formerly crushed in a homemade machine not capable of the accuracy of 
the one described in the procedure. Again, water with the accompanying 
difficulties of irregular evaporation was used to dampen the ingredients 
of the buttons. Before these and some less important sources of error 
were corrected a determination was accepted if not above three buttons 
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differed by over 10 per cent. from the average of the 10 ; whereas at 
present a test is remade if any button differs from the average by over 
10 per cent. However, the available data indicate the possibilities of this 
method of determining agglutinating values and in view of the general 
interest at this time in a laboratory method of predicting coking strengths 
of coals, it is felt that the procedure should be published in its present form 
together with the accumulated data. 


CORRELATIONS OF AGGLUTINATING VALUES WITH PHYSICAL PROPERTIES 
OF COKES 


Before discussing these correlations it is necessary to distinguish 
between strength and resistance to shattering. Strength of coke, as 
the term is used in this paper, refers to its capacity to sustain a load, 
either static or slowly moving, such as it must support during descent 
in a blast furnace. Strength of a metallurgical coke can only be deter- 
mined with certainty by its use under blast-furnace operating conditions. 
However, to some extent the size of pieces of coke discharged from the 
ovens, the coherence of individual pieces, the presence or absence of fine 
checks, the resistance of the pieces of coke to handling, and like properties 
are indications of its strength. But density, so commonly regarded as a 
criterion of strength of coke, is not dependable, for a coke with a high 
percentage of pore space may have very strong cell walls and be able 
to support a heavy burden. As distinguished from strength, resistance to 
shattering is the capacity of the coke to withstand sudden blows. A 
weak coke may show a high resistance to shatter due to sponginess and 
elasticity of the pieces; a strong coke may break readily in small pieces 
and thus give a poor shatter test, due to brittleness. 

The correlation of the agglutinating values of coals with the capacities 
of cokes to withstand shattering may be made by use of the shatter or 
the rumbler tests. But no similar test is available for use in correlating 
agglutinating values with strengths of cokes. Crushing tests of cubes of 
coke were tried in connection with this investigation but the results, as 
have been found by other investigators, were too erratic to be dependable. 
This leaves as the only criteria of coking strength the reports of users of 
the cokes. Although these naturally vary, even though only the judg- 
ments of experienced users of coke be considered, they are more nearly 
in accord than might be supposed, and they serve asa basis for grouping 
cokes as strong, medium strong, or weak. Such groupings have been 
made of the reports of experienced users of the cokes and with them have 
been correlated the agglutinating values obtained by the methods 
described in this paper. 

Two series of coals have been obtained at different times from oven 
plants that are: manufacturing coke for use in the iron blast furnace. 
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In the selection of samples an effort was made to secure Sone ha: 


range of coking strengths, Furthermore, as strength of coke is so lar ek; y Pa 


pacers * 


of coals having well-known eating properties. The results af tonnes 


these coals are recorded in Tables 3 and 4. The coals designated by the 
letters A, B, C, etc., in Table 3 and by numerals in Table 4 are those 


yielding cokes of known properties; the others are representative samples _ ys 


of freshly mined, Western coals. The data upon which the correlations 

are based include a summary of the available information as to the. 
strength of the cokes, shatter tests of certain of the cokes, proximate 

and ultimate analyses of the coals and distillation tests by the methods 

of the United States Steel Corpn.@” Because of a change in the pro- 

cedure during the interval of several years elapsing between the testing 

of the two series of type coals, the agglutinating values in Table 4 must 

be multiplied by a factor of 0.7 to render them comparable to those in 

Table 3. 


Agglutinating Value and Strength of Coke 


The information available on the coking strength of the coals in 
Tables 3 and 4 leads to the belief that the agglutinating values of the 
type coals quite accurately represent their relative coking strengths. 
That is, if the coals were arranged by a body of experienced users of coke 
in the order of the strengths of cokes manufactured from them, they 
would be in the same order as given by the agglutinating values. For 
example, coal A, Table 3, from the Pocahontas district, West Virginia, 
makes one of the strongest cokes used in this country. Coal B, next in 
point of agglutinating value, is a standard coking coal from Alabama, 
although it is not considered to make a coke quite as strong as that from 
coal A. At the other end of the scale coal H, a Mid-Western coal, yields 
probably the weakest coke used in American blast-furnace practice. 
Coal G, from the same section of the country, gives also a comparatively 
weak coke, though it is distinctly stronger than that from coal H. Coals 
C, D, E and F, with agglutinating values varying between 4503 and 
5430, are considered to yield excellent blast-furnace cokes of medium 
strength. A like study of the coking properties of the seven type coals 
in Table 4 indicates that the agglutinating test, if it does not actually 
give correctly the relative coking strengths of cokes manufactured from 
these coals, at least supplies a basis for the correct classification of the 
coals into general groups as strong, medium, or weak coking coals. 
Furthermore, the regular decrease of agglutinating values to a low limit, 
which corresponds to the weakest coke usable in the blast furnace, 
indicates that the test supplies a means of predicting whether or not by 
present methods of coke manufacture a coke can be made of sufficient 
strength for use in the iron blast furnace. 


eae ee ee = 
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This uniform increase of coking strengths with increase of agglutinat- 


ing values is not in accord with the findings of some earlier investigators 


who report that certain coals having very high percentages of agglutinants 
did not make strong cokes.“*!8 Instances are cited in which the addition 
of some poorly coking coal to a coal having an excess of agglutinant 
actually improved the coke strength. No instance of this kind has been 
found among the samples thus far tested. Without exception, a very 
high agglutinating value has been associated with a very strong coke. 

In passing, it is interesting to note the agglutinating values of the 
coking coals available in Pierce County, Wash. The agglutinating 
values for Wilkeson 7 and Fairfax 2 indicate a higher coking strength 
than that of coal A, representing Pocahontas coal, and Wilkeson 8 is 
only slightly below the Pocahontas. 


Agglutinating Value and Resistance to Shattering 


Unfortunately, results of shatter tests are available for only four of 
the cokes manufactured from these coals and for one other coal that was. 
omitted because the ultimate analysis was manifestly incorrect. The 
results of the tests are as follows: 


| Shatter Test 
Coal Agglutinating Value | —— ——_—__— ——— oe 
On 2 In. Through 2 In. 
ogy Hee 8 «Lich Hs | 1210 | 0.00 100 .00 
Cah Cie 8 os OT 05 5 wait | 3119 67 .00 33.00 
(Clan 2 OE a arse eae | 4930 - 79.34 20.66 
(SIONS sie 5 Paes Speen eed Ba | 5430 72.00 28 .00 
Seattle Lighting Co........ 5863 48 .46 51.54 


The curve in Fig. 8 shows the relation of the agglutinating value to 
the shatter test for these five coals. This indicates a very definite 
relation between these two tests when the coal is carbonized for the 
purpose of producing blast-furnace coke. At Seattle the ovens are run 
with the object of producing illuminating gas rather than of making 
strong coke, and the coke is a by-product; the shatter test cannot be 
expected to be comparable with that from the other plants. While Fig. 8 
shows a definite relation between these two factors there are too few 
points to make possible definite conclusions regarding this relationship, 
and further experience showing the variation of the shatter test with the 
agglutinating values will be required before a final opinion is possible. 
A valuable comparison might also be made between the agglutinating 
values and the results of the rumbler test; but no data are available. 

Perhaps some members of the Institute may have data which they 
can submit in the form of discussion showing the relation between oxygen 
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content of coal and its (gate fvaltioaile 
shown later. These data could supplement < 
those given herein until more complete data ie: 
can be obtained. et =e 


CoRRELATIONS OF AGGLUTINATING - VALUES 
WITH CONSTITUENTS OF COALS 


Inasmuch as consistently good relation- 
ships apparently exist between the physical 
properties of cokes and the agglutinating 
values of the coals, it will be of interest to 
study the relationship of agglutinating values 


§ 


to the oxygen content of coals, to the 0 ratio, 


Agglutinating valde, Gf73. 


or to the . ratio, all of which have been pro- 


Per cent on 2 vxches nosed by various investigators as factors for 
aa eee predicting the coking properties of coals. 
OF COAL AND SHATTER TEST OF Before these correlations are discussed, how- 
eS ever, it will be well to point out their prob- 
able limitations in the manner proposed by Rose.“ Using stippling 
to represent the limits within which most analyses fall, he has plotted , 
the triaxial diagram of Ralston,“ as shown in Fig. 9. To this he has 
added lines, as shown in Fig. 10, representing the various ratios. His 


% OXYGEN 


85 80 
% CARBON 
Fig. 9.—TRIAXIAL DIAGRAM OF ULTIMATE ANALYSES OF COALS (H. J. Rosn(s®)), 


illuminating explanation of these diagrams is quoted below, the figure 
numbers having been changed to correspond to those in this paper. 

‘““. . . owing to the sharp curvature in the band of coal analyses 
occurring at about 92 per cent. carbon, five per cent. hydrogen, and three 
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per cent. oxygen, no linear equation can be adequate over the whole 


range of coals. 


% OXYGEN. 
is 10 


% OXYGEN. 


J%y OXYGEN. 
acy 4% 


(ore) 95 


85 80 
% CARBON 
G RELATIONSHIP OF VARIOUS RATIOS TO ANALYSIS 
OF AVERAGE coats (H. J. Rosn(**)), 


Fria. 10.—TRIAXIAL DIAGRAMS SHOWIN 


“Thus in Fig. 10a, the lower - ratios cut across the band of lignite, 


subbituminous, and bituminous coals (though much more obliquely than 
the oxygen lines), but for the coals of higher rank, ratio lines run parallel 


with the coal band. Thus, a single 0 ratio line may pass through as 


H 
but would fall above the bituminous coals). The; 0 ratio is patie 


many as four ranks of coal (as mall as cannel coals, ee are. ane shown 


well known because of White’s frequently quoted conclusions®® on the — << 


limits of this ratio for coals that can be coked in beehive ovens. White 


‘i ae 
pointed out that the relation between 4 0 ratio and coking quality was 7 


subject to exceptions for the coals of lower volatile matter content. 
“Fig. 10a also permits the graphic estimation of the ‘available 
hydrogen’ in coal, that is, the percentage of hydrogen in excess of that 


which would be required to combine with all of the oxygen present to 


form water. This index has long been known but is generally considered 
to be of doubtful reliability. 


“Fig. 106° shows that the = ratio lines are not very different in 


slope from the hydrogen lines, and apparently for most purposes the 
hydrogen percentage in pure coal would be just as satisfactory an index, 


and one simpler to use and understand. The > ratio has been chiefly 


used in districts where anthracite, semianthracite and semibituminous 
coals are produced, for which coals this ratio serves as a means of differ- 
entiation just as the hydrogen percentage would. For coals of lower 
ranks the ratio would appear to have a very limited use, as it does not 
distinguish between coals of widely different rank. 


“Fig. 10¢ shows that the slope of the . ratio lines is so nearly 


the same as that of the oxygen lines that the use of the oxygen percentage 
in pure coal would probably be just as satisfactory for most purposes.” 

From the foregoing discussion one would expect the most consistent 
relationship between the agglutinating values of the coal and those 
ultimate constituents or ratios presented by lines that cut most nearly 
across the average coal line, especially the portion from the bend to about 
15 per cent. oxygen, within which limits Ralston“® found his coking 
coals to fall. In other words, one might expect a uniform relationship 


between the agglutinating values and the oxygen content or the 6 ratio, 


and a somewhat less satisfactory relationship using the - ratio. 


As all of the data in Tables 3 and 4 were obtained from freshly mined 
samples, they have been used in the correlations about to be discussed. 
Those from Table 3 were plotted first and the curves drawn; then the 
values from Table 4, multiplied by a factor of 0.7, were added, using the 
x-symbol to represent the points. 

In any correlation of the oxygen content of a coal with its agglutinat- 
ing value, certain factors should be considered. The first is the marked 
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variability of the ash contents of the coals shown in Tables 3 and 4. If 
the percentage of oxygen ‘“‘as determined” is plotted against the ageluti- 
nating value in coals of high ash content, it will be relatively too low; 
likewise the agglutinating values will be low. These tendencies are 
opposed, for a low oxygen content tends within limits to correspond 
to a high agglutinating value. This inconsistency, so far as the oxygen 
content is concerned, can be remedied by calculation of the analyses 
to an ash-free basis. However, because only a few correlations between 
ash content and agglutinating value have thus far been worked out, too 
few data are available for a similar correction of the agglutinating values. 
For this reason, the agglutinating values “as determined,” must be 
plotted against the oxygen content on an “‘ash-free basis.” 

Another factor to be considered is the difficulty of accurately deter- 
mining the oxygen content of coal. An unfortunate feature of an 
ultimate analysis of coal is the fact that the percentage of oxygen 
is found by difference and hence it contains the cumulative effect 
of all the errors in the analysis. Furthermore, no means is ordina- 
rily afforded for checking this determination. In the results shown 
in Tables 3 and 4, however, because of the distillation test, an inde- 
pendent check is possible by calculation of the oxygen in the products 
of the distillation test. This result is also given in Tables 3 and 4, 
columns 31 and 32. As the two figures for the percentage of oxygen do 
not agree closely in a number of instances, two separate curves have 
been plotted, as given in Figs. 11 and 12. These show, throughout the 
range of oxygen contents covered by the experiments, a very uniform 
increase of agglutinating value with decrease in oxygen content. Had 
the experiments been extended to include coals of lower oxygen content, 
say of 1.5 per cent. and lower, the agglutinating values because of 
anthracitation would, of course, have dropped rapidly as indicated by 
the dotted lines. 

Now the oxygen content used in the correlation, which has been 
calculated moisture-free on the basis of a moisture determination at 
105° C., undoubtedly contains some oxygen from moisture not removed 
at that temperature. This fact has suggested, as a further study of the 
effect of oxygen on the agglutinating value of the coal, that another 
oxygen content be calculated from the oxygen in the CO plus the CO: 
in the gas, which will contain no moisture. This oxygen content, after 
being corrected to an ash-free basis, was plotted against the agglutinating 
values, but this relationship did not appear to be any more uniform than 
that given in Figs. 11 and 12. 

The relationship between agglutinating values and oxygen contents 
has thus far been based upon fresh samples mined from a comparatively 
large area underground. The questionis: Will the uniform relationship 
shown between oxygen content and agglutinating value hold for samples 
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of coking coals taken under other conditions? An answer has nd ; 


obtained in the opening of a new area of coal in Pierce County, Wash., 
_ where a number of seams were sampled over small areas near ihe 
surface. When the agglutinating values of these samples are plotted 
against the oxygen contents, the result is the ‘‘shot-gun” arrangement of 
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Fig. 11—RELATIONSHIP OF AGGLUTINATING VALUE TO OXYGEN CONTENT OF COAL, 
WITH OXYGEN DETERMINED BY ULTIMATE ANALYSIS. 


points shown in Fig. 13. As explanations of this apparent anomaly, 
two possibilities suggest themselves. One is that the coal was weathered 
in many instances, in spite of the fact that each opening in the different 
seams was mined until all signs. of weathering disappeared. This is 


8000, 


e% 4 
$8 


Beg ta sr 
iS 
$ 


(a) 
bt in Sy, (ash Fred), Picea CO + CO: +H, a ip ae a eae 


Fie. 12.—ReLATIONSHIP OF AGGLUTINATING VALUE TO OXYGEN CONTENT OF COAL, 
WITH OXYGEN DETERMINED BY CALCULATION FROM CO + CO, + H.O IN GAS FROM 
DISTILLATION TEST. 


scarcely a plausible explanation, for, in view of the relationships in 
Figs. 11 and 12, one would expect a fairly uniform relationship between 
weathered or slightly weathered coals and agglutinating values. The 
other is that the irregular points represent samples taken in disturbed 
areas. Such was found to be the case. Practically all of the points 
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furthest from the average curve in Fig. 13 represent samples taken near 
faults, on the peaks of steep anticlines, or in other similarly disturbed 
areas. The fact that a number of small noncoking areas have also been 
found in certain seams deep beneath the surface and surrounded 
on all sides by excellent coking coal is a further evidence that local 
metamorphism is the probable explanation of these irregularities. 
But whether the cause be metamorphism or oxidation, Fig. 13 clearly 
shows that certain disturbing influences affect the Oren oe value 
of coal without proportionately influencing its content of oxygen. 
Because many of these samples were taken from seams that on the 
average are excellent coking coals, many of these values if taken alone ~ 
would give incorrect information on the coking properties of the seam 
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Fia. 13.—RELATIONSHIP OF AGGLUTINATING VALUE OF COAL TO OXYGEN CONTENT, 
SHOWING MARKED VARIATIONS INTRODUCED BY INCLUSION OF SAMPLES FROM SMALL 
AREAS, 


asa whole. For this reason the recommendation has been made, earlier 
in the paper, that samples for agglutinating tests be taken over a large 
area underground. 

Inasmuch as agglutinating values of freshly mined samples in Tables 
3 and 4 show a uniform relationship with oxygen content, one would 
likewise expect from Rose’s diagram, Fig. 10c, a similarly uniform rela- 
tionship with ne Fig. 14 conforms very well to this expectation. 

This study was confined almost entirely to coking coals or to coals 
that might be expected to coke, thus nothing in the foregoing discussion 
indicates that oxygen content by itself is a criterion of coking strength, , 
but rather that, if a coal possesses coking properties, its oxygen content 
gives at least a good indication of the probable strength of the cokes 
manufacturable from it. A few of the coals tested showed no coking 
tendency and their oxygen contents were not determined by ultimate 
analysis. When they were distilled, however, the CO contents of the gas, 


which will be discussed later in relation to agglutinating value, indicated as : 
a high oxygen content in the coal. Thus the facts developed all conform ans 
with the generally recognized facts that high oxygen content in 4) is 
associated with weak coke. 

The other relationship shown by Rose’s diagrams as having the. beats 


j H 
possibility for predicting the coking strength of coals is the O ratio. 


In discussing this ratio many years ago, White” said, ‘“The adaptability 
of a coal to coking by the ordinary process appears to be indicated with 
a fair degree of certainty by the ratio of the hydrogen to the oxygen, 


moisture-free basis. Practically all coals with v9) ratios of 59 (per cent.) 


or over seem to possess the quality of fusion and swelling necessary to 
good coking. Most coals with ratios down to 55 will make coke of some 
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Fig. 14—RELATIONSHIP BETWEEN AGGLUTINATING VALUE OF COAL AND CARBON- 


OXYGEN RATIO OF COAL, 


kind, while a few coals with ratios as low as 50 coke in the beehive oven, 
though very rarely producing a good article. The coking property 
seems to depend not so much on the amount of available hydrogen, which 
is a very imperfect index of the proportion of the elements in the volatile, 
as on the relative amount of the hydrogen compared to that of the oxygen. 
In coals undergoing change to anthracite, the hydrogen-oxygen ratio 
may fail as a guide; au 


The result of correlating the agglutinating values with the 5 ratio is 


shown in Fig. 15. In general, these ratios seem to bear a somewhat more 
consistent relationship to the agglutinating values than might have been 
expected from Rose’s diagrams. It is interesting to note that, whereas 
White regarded 0.59 as the dividing line between coking and noncoking 
coals using beehive ovens, coal H (Table 3) with a ratio of 0.50 gives a 
coke in by-product ovens strong enough for blast-furnace use. -As the 
hydrogen content of bituminous coals does not vary greatly from 4 per 
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ig. 15.—RELATIONSHIP BETWEEN AGGLUTINATING VALUE OF COAL AND HYDROGEN- 
OXYGEN RATIO OF COAL. : 
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Fig. 16.— RELATIONSHIP BETWEEN AGGLUTINATING VALUE OF COAL AND PERCENTAGE 
BY VOLUME OF CARBON MONOXIDE IN THE GAS FROM THE DISTILLATION TEST. 
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Fig. 17.— RELATIONSHIP BETWEEN AGGLUTINATING VALUE OF COAL AND PERCENTAGE 
BY VOLUME OF CARBON DIOXIDE IN THE GAS FROM THE DISTILLATION TEST. 
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suitably adjusted. 

As Ralston’s work‘ seemed to show that the ‘available hy ( : 
as advocated by Parr» is an indication of coking strength, this figure 
has been calculated in column 13 of Tables 3 and 4. No consistent — 
relationship can be discerned between this figure and the aggluti- 
nating value. cx ee 
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Fig. 18.—RELATIONSHIP OF AGGLUTINATING VALUE OF COAL TO PERCENTAGE BY 
VOLUME OF CARBON MONOXIDE IN THE GAS FROM THE DISTILLATION TEST, SHOWING 
MARKED VARIATIONS INTRODUCED BY INCLUSION OF SAMPLES FROM SMALL AREAS. 


As a further variation in the study of the relationship of oxygen con- 
tent to the coking property of the coal, the relationship has been plotted 
between the agglutinating value and the volume of CO and CO, in the 
gas. The result of these correlations is shown in Figs. 16 and17. As 
might be expected, from the previous relationships shown between 
agglutinating values and oxygen contents the relationships are quite 
uniform, particularly those involving the CO content of the gas. 

Evidently, the latter can be used to indicate in a general way the 
coking properties of a coal. That this is true has been known for a 
number of years by investigators of coking coals who have used a dis- 
tillation train such as has been used by the United States Steel Corpn.@” 
for determining the yields of by-products to be expected from coals. 
Experience has shown that if the CO content of the distillation gas 
exceeds about 11 per cent. the coal will not coke and these tests have 
demonstrated that the dividing line is at about this point. 
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Fig. 18, including a number of small samples, shows the same ~ 
_ irregularities manifested by the oxygen relationships in Fig. 13. 


SUMMARY 


The paper contains a summary of the different tests proposed by other 


investigators, a discussion of the factors affecting the choice of a procedure 
for the agglutinating test, an outline of the procedure for making the 
test, and finally, some correlations of the agglutinating values with the 
characteristics of oven coke, and with constituents of the coals. 
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DISCUSSION 


A. C. Fiztpner, Washington, D. C.—The use of the word “‘agglutinating” by 
the authors was largely at my suggestion because I felt that we wanted to keep an 
open mind and not lead anyone to believe that this test was necessarily a measure 
of the coking properties of a coal. It measures only its agglutinating power, which 
we believe, however, has some relation to its coking properties. We will have to 
obtain considerable correlative data before we can use this test with the greatest of 
intelligence. Furthermore, the work itself is not completed and these men are going 
ahead with further research. I believe, however, that the test is of great value in 
making a preliminary survey in a new field where we know practically nothing. 
By its use, we can at least arrange coals in the order of their agglutinating values. 
If we determine these values for mixtures of noncoking and coking coals, we can 
obtain a preliminary measure to be followed by larger scale tests more nearly dupli- 
cating coking conditions. 

IT am not certain that this is the best measure of agglutinating value. There are 
many adherents for the type of test in which the inert matter is varied and the 
maximum amount of such inert matter that can be agglutinated with a given coal 
determined. I think research by many investigators is necessary before we obtain 
a final satisfactory test which will be acceptable to and adopted by the American 
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_ Society for Testing Materials or other standardizing bodies. I am sure that soeted E 


or later such a test will be adopted. Now, at least, we are indebted to the authors — ; * . 


of this paper for following out this method of approach. I hope it will encourage 
others who are working with different test methods to develop their procedures and 
present the data to the public. 


H. J. Ross, Pittsburgh, Pa.—As Mr. Fieldner points out, this test does not 


necessarily measure the coking power of a coal, but rather, its cementing properties. Ss 


It measures the ability of a coal when heated to stick together 10 times its weight 
of hard, rounded, noncoking sand grains. Within the scope of its limitations, it 
appears to be a promising test and we are much interested in it. : 

However, when we coke coal, we do not usually use coal to cement together sand or 
other noncoking materials. Wecokecoalasitis. It is true that in most coking coals 
there are various percentages of noncoking or poorly coking materials, slate, mineral 
charcoal and other noncoking impurities, but these in general represent only a minor 
proportion of the whole, and certainly no such a ratio as 10 to 1. 

The relation between the agglutinating property of coal and its oxygen content, 
is certainly most interesting and encouraging. We know that coking properties vary 
definitely with oxygen content. - 

I feel that we cannot expect too much in the way of predicting the strength of 
commercial coke, from these crucible tests. In coke-oven practice, the size of the 
coal as charged, the moisture content, the cubic foot weight, and other physical 
variables are among the important factors in determining the size and strength of the 
coke, which will be produced. In each of these respects the laboratory test is neces- 
sarily at wide variance with practical conditions. 

That is not a criticism of the present test. It is a general criticism of practically 
all laboratory methods, and is one of the reasons why we must use laboratory tests 
with great caution when we attempt to predict the coking property of coal. We may 
congratulate ourselves that the development of this test is in such competent hands 
and that the men who are responsible for working with it realize these factors, includ- 
ing the wide gap between laboratory results and plant practice. : 

What is meant in practice by ‘‘strong coke”? In general, we mean a coke which, 
when once sized, will retain that size without further breaking down. We prefer to 
have a coke that will not break down much in any stage of handling, but it must 
at least retain its size once it has gone over the screens. 

The yield of individual sizes is one of the most important points in determining 
the suitability or value of a coal for coking purposes. Certain coals when coked 
under a particular set of conditions will give a high yield of egg-size, coke, or larger. 
Other cokes will break down to give a large yield of nut size. The hardness of the 
individual pieces of egg and nut coke may be the same, but the coke giving the egg- 
size coke is considered much ‘‘stronger”’ because it broke down less on handling. 

Shrinkage cracks largely determine the degree to which a coke breaks down and 
are of very great importance. The size range and yield of sizes are major consider- 
ations, while the hardness of the individual pieces is only a minor characteristic in 
most cases, , 


J. B. Morrow, Pittsburgh, Pa.—May I ask Mr. Fieldner if any work has been 
done in testing the whole seam of coal on various fractions; that is, 1.30, 1.40, 1.50, 
1.60, 1.70, 1.80, 1.90 and 2.00 specific gravities. 


A. C, Fretpnrr.—Not systematically. There are a few tests of washed coals 
and unwashed coals given in this paper and, I think, the fractions in the float-and- 
sink test. They show that the agglutinating values of samples of coal fresh from the 
face differed greatly from values determined on samples of the same coal that had 
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been lying around the laboratory for six or eight months; the fresh coal was always 
stronger than the old coal. Of course, we know that coal oxidizes on exposure. 


_ This paper has a few tests of the kind you mention but nothing systematic. 


J. B. Morrow.—Our experience shows that in order to determine the exact 
quality of a coal seam it is necessary to test it on different fractions, 1.30 or 1.40 sp. gr. 
coal, which is the high quality coal; 1.40 to 1.60 sp. gr., which is the middlings, and 
1.60 to 2.00 sp. gr.; which is the refuse. In our investigations we have found that 


organic sulfur is low in the 1.30 to 1.40 sp. gr. coal and considerably higher in the . 


middling product between 1.40 and 1.60 sp. gr. In other words, if the washing 
operation is carried on at 1.40 sp. gr. considerably more sulfur can be removed. 

We also find on certain coals that the clean coal at 1.40 sp. gr. has an ash fusion 
point of about 2500° F. In other seams, or in the same seam, we find that the coal 
between 1.40 and 1.60 sp. gr. has a fusion point of the ash of about 2300° F. and that 
the rock end below 1.60 sp. gr. is approximately the same as the low-gravity coal, 
that is, 2500° F. This indicates that there is something in the middling products 
between 1.40 and 1.60 sp. gr. that is decidedly off color from the balance of the coal. 


A. C, Frztpner.—Yes, the authors devote one or two pages to calling attention 
to the necessity of very careful sampling of coals for the test. They found that 
samples taken from an upper bench were quite different from those from a lower, and 
that results on samples from different parts of the mine varied. One must be very 
careful in sampling the material to be sure that it is representative of what is to be 
used. This indicates that undoubtedly you would’ find differences in the several 
specific gravity constituents. 


W. L. Remick, New York, N. Y.—May a nonchemist ask whether or not the 
glycerin had any effect on the agglutinating power?. 


‘A. C. Firrtpnrr.—The authors made tests on that point and their conclusions 
were that it had no effect. At first, they moistened the coal with water to prevent 
segregation of sand and coal dust, but this gave trouble due to evaporation. After 
a change to glycerin, they got practically the same agglutinating values. On the 
other hand, if the amount of glycerin or water is varied, there are variations in 
results. It is important to use a standard amount of liquid on each sample so as to 
make the values comparable. 


W. H. Buavvett, New York, N. Y.—I should like to ask Mr. Fieldner whether 
he knows whether these tests have been correlated in any way with the reports that 
F. F. Marquard® made about a year ago, regarding the cokeability of different coals; 
whether there is any attempt to correlate those investigations, or whether they are 
capable of being correlated, as far as he knows now. I thought Mr. Marquard’s 
paper’ was a step in the right direction and a very important one, but, of course, he 
did not go all the way. 


A. C. Frzutpner.—I am not sure but I do not believe that this had any relation 
to those tests. The authors did test some coals for their fusing values and it is 
possible that one of them is the coal used by Mr. Marquard. Coals-are not exactly 
identified by mines in this paper. I think they got their correlative information 
where they could, perhaps from the operators of eight or nine coke-oven plants using 
the same coal, These men would state whether the product from a certain coal was a 
good coke or a poor one, a strong coke or a weak coke, etc. 


3%, F, Marquard: Effect of Coal Segregation, Mixing and Heating on the Quality 
of Metallurgical Coke. Blast Furnace & Steel Plant (1927) 5, 55. 
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at fea planta? 


ara 
A. C. Fretpnur.—Yes, they checked in sh | they poly the eae in 


order. You might say that the laboratory test will indicate whether the 

the trade considers a strong coke, a weak coke, or a medium coke. For 
coal B from the Pratt seam, in Alaibamas showed one of the highest agglu 
values—6570; it is said to make a strong coke. Coal H, from Sunnyside, Utal 
- avalue of 1210; this coal is known to give a weak coke. From such results they 
clude that we can say, at least, that the agglutinating values give a basis for classif, a 
coals into groups of strong, weak, or medium-coking coals. ee 


. a 

H. J. Rosz.—I had the privilege of talking with Mr. Bird about this paper eae ae 
At that time he said he was sorry that the arrangement under which some of the a 
coal samples were obtained did not permit the disclosure of more detailed information ; 
regarding them. In some cases he had complete information. In other cases he did 
not. 


J. R. Campsett, Scottdale, Pa.—It occurred to me that it might be interesting, 
while we are talking about coking coals, to speak of the rank of the coals, the low 
volatiles, the medium volatiles and the higher volatiles. Is there any difference 
in the agglutinating values? We speak of Central Pennsylvania coals, or low- 
volatile coals, 16 or 17 per cent.; then go to the next rank, 22 or 24 per cent., and then 
on up to the high-volatile coals. They are all coking coals. Something along that 
line might be interesting. Do you have anything on that, Mr. Fieldner? 


A. C, FretpNer.—There are no curves showing the relation of volatile matter to 
the agglutinating values given in the paper. 


J. R. Campspetu.—Do you not think it is important? 


A. C, Firtpnier.—There are several Pocahontas coals that were run by themselves 
and they are among the coals giving the highest agglutinating value—around 8000. 
We know, of course, that Pocahontas coal by itself makes a very powerful coke, one 
so powerful that we do not use it alone for that purpose. I think if volatile matter 


were plotted against agglutinating value, some relationship would be shown within 
certain limits. 


J. R. Camppety.—lI had the pleasure of listening recently to a very interesting 
talk by M. R. Campbell, in which he spoke of the high-rank coals, and in the high- 
rank coals he put the low-volatile coals; so I infer that they have good agglutinating 
values. They are high-rank coking coals. 


A, C, Frmtpner.—It would really necessarily follow from those curves, because 
with the increase of volatile matter from the Pocahontas up to, for example, the 
Pittsburgh coal, there is a continuous increase of oxygen. In that field, the aggluti- 
nating value NA rs as the oxygen increases. Therefore as the alate matter 
increases in that range, the agglutinating value will decrease. 


H. J. Rose.—When American coking coals are studied and arranged in order of 
increasing volatile-matter content, it will be found empirically, that speaking in a very 
broad way, the strength of coke bad a general relationship to the volatile-matter con- 
tent, until you reach a volatile-matter content exceeding say 30 per cent., when, as 
has been previously shown, coals of the same volatile-matter content asl be ioand 
which are quite different ghamsontnn For example, a 34 per cent. volatile-matter 


Pittsburgh seam coal and a 34 per cent. volatile-matter Illinois coal are very different 
in coking behavior. 
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J. R. Campsett.—Due to the oxygen content? 


H. J. Rosz.—We presume so. At least, it is related to the oxygen content. We 
also have to make the reservation that the coals must not have been oxidized or 
weathered, since oxidation greatly affects coking properties without causing a large 
change i in alate tint ece content. 


J. R. Campspety.—A few days ago Mr. Rose made the interesting observation 
that there were some coals in which a slight amount of oxidation actually helped the 
coking properties. Is that correct? 


H. J. Rosre.—Certain coals when coked alone make a poor coke because of excess 
coking properties. The size and strength of the coke may sometimes be increased by 
slight oxidation of the coal. It has sometimes been reported that stored coal has 
made better blast-furnace coke than fresh coal. On the other hand, certain coals, 
which when freshly mined are somewhat deficient in coking property, will deteriorate 
upon oxidation no matter how slight. In other words, a coal may lie on either side 
of the most desirable condition. Oxidation may move the physical properties in the 
right direction, or it may move them in the wrong direction. 


J. R. Camppetyt.—M. R. Campbell, in his recent remarks, made the startling 
observation that the reserve coking coals of the country were being rapidly depleted, 
that is, the high-rank coals, and that it would be only a few years, figuratively speak- 
ing, until they were completely exhausted, and that it would be up to us to cast about 
for methods of using the lower rank coals, which are not strongly coking coals. He 
went into that very fully. JI may say here that there are a lot of potential coking 
coals in central and western Pennsylvania. They are thenatural coking coals of the 
country. The best coals ever laid down are in those districts where the mountain 
foldings give these high-rank, low-volatile coals. In other words, the ‘“‘water has 
been squeezed out.”’ 


S. M. MarsHatt and B. M. Birp (written discussion).—The authors recognize 
that the data in their paper are preliminary and that a better correlation must be 
established with practical measurements of coke strength before the test can be 
considered reliable enough for general use. 

Mr. Rose’s definition of ‘‘strong coke”’ is interesting but it does not provide a 
tangible means for measuring the strength and some measurement is needed for 
comparison with the laboratory figures which have a definite value in grams. So far 
as the authors are aware, the only test that is reasonably standardized in the United 
States is the shatter test. Although the agglutinating values of only a few of the 
coals have been compared with the shatter tests the agreement between the relative 
values from different coals is encouraging and with further tests an acceptable relation 
can be found. Mr. Rose rightly points out that the strength of a coke is much 
affected by carbonizing conditions; consequently no laboratory test under standard 
conditions can show a constant relation to all the quality of coke which can be made 
from a given coal. If the laboratory test is to be of value it must give a constant 
result from repeated tests. 

Mr. Rose points out that the ratio of 10 parts of sand to 1 part of coal is far from 
the ratio between inert materials and coking materials in a coke-oven charge. This 
is true and it is possible that this laboratory dilution is too high and that better results 
can be had with a 5 to 1 ratio or even less. That is one feature of the investigation 
which must be further studied. Only a few tests were made with other sand ratios, 
not enough to learn the relation between the strength with the different mixtures for 
coals of differing inherent coking abilities. The influence of ash is another factor 


which needs investigation. 


deuter are from an "ioaligatn which the ; 
other coals, all of which were high in oxygen andi 
agglutinating values in the two sets of figures are not ditectly comp 
earlier tests were made with a different sand than the one which has 
by the Bureau of Mines for this work. If the standard sand had been | 
earlier tests the coking index would have been slightly higher but probably not 1 
than 15 per cent. greater. md 

With the earlier tests the preceding table shows that the agglutinating v: 
higher for the float 1.50 fraction as compared with the raw coal. There is th 
general tendency for the later tests but the change is not so definite, prin« ; 
because there is less change in the ash content. The irregularity of the last four. 
figures is partly due to the fact that the test on the float 1.70 fraction was made five and 
six days before the three lighter fractions were tested. These two latter coals drop + 
off rapidly in coking strength with exposure. ne Me 

J. R. Campbell has asked about the influence of volatile content upon coking _ 
strength. The authors have not been able to trace any definite relation between these — 
two features. If the oxygen content be a controlling factor, as the authors believe _ 
is probable, then the volatile content can only be a secondary factor as can be seen 
from the diagram developed by O. C. Ralston.4 On one plate in his paper Mr. Ralston 
shows that a coal of given volatile content may have anything between 3 and 16 per 
cent. or even 3 and 21 per cent. of oxygen. With this wide change there is little 
alteration in the hydrogen content—the difference being principally in the car- 
bon content. 


TaBLE 5.—Comparative Agglutinating Values of Float-and-sink Fractions 


Sample No. Fraction Ash, Per Cent. | Agglutinating Value, G. : 
7-48 Raw Total 26.13 | 7051 
Under 1.50 sp. gr. 8.4 | 9154 “20 
10-95 Raw Total 27.28 926 { 
Under 1.50 sp. gr. 10.5 3176 ) 
SA Under 1.30 sp. gr. 3.44 | 4238 
Under 1.40 sp. gr. 5.41 3629 | 
Under 1.50 sp. gr. 6.53 | 3730 SS 7 
Under 1.70 sp. gr. 8.08 | 3481 
RA Under 1.80 sp. gr. a eeye | 3462 td 
Under 1.40 sp. gr. 5.54 3300 
Under 1.50 sp. gr. 6.89 2740 
Under 1.70 sp. gr. 8.77 2961 


40. C. Ralston: Graphic ‘Studies of Ultimate Analyses of Coals. U.S. Bur. 
Mines Tech. Paper 93 (1915). 


Loss in Agglutinating Power of Coal Due to Exposure* 


By S. M. Marsuati,{ New York, N. Y., H. F. Yancey,t Searrin, WasH., anp 
A. C. RicHarpson,§ Tuscatoosa, ALA. 


(New York Meeting, February, 1930) 


A YEAR ago, Marshall and Bird presented a paper in which a new 


method of measuring the agglutinating power of coal was described.! 


The procedure used was to determine the strength of a button containing 
10 parts sand and one part coal, formed by carbonizing the mixture in a 
crucible in an electric furnace. The result of the determination was 
reported as the total weight in grams required to bring about complete 
destruction of the button. Correlations were shown between the aggluti- 
nating value and some of the characteristics of the different coals that 
were investigated. This agglutinating test has been in use fairly con- 
tinuously during the past five years for coals of widely differing coking 
qualities, and it has shown reasonably concordant results accurate 
enough for commercial use, although there are many features of the 
test which should have further scientific study. 

During the past year a study has been made of some coals of low 
coking strengths, and incidental to the main investigation some data 
which appear to be of interest and value were obtained on the loss in 
agglutinating power caused by exposure to the air. Three coals were 
investigated, all of which were of the Tertiary age; two were from one 
field in Asia, and one from a field in the United States. The three were 
similar, as shown by the proximate and ultimate analyses in Table 1 
(moisture-free basis). Coals SA and- RA generally contain about 5 per 
cent. moisture and coal P about 3.5 per cent. moisture on the as- 
received basis. The large difference in the ash contents of the coals, 
amounting to practically 10 per cent. between SA and RA, and P, makes 
difficult a direct comparison of their qualities. In the second section 
of Table 1 the figures have been put upon an ash-free basis. 

This table shows that these coals are closely alike. The ultimate 
analyses are almost identical except for the higher nitrogen content of 


* This paper represents work done under a cooperative agreement between the 

U. S. Bureau of Mines and the College of Mines, University of Washington. 
Published by permission of the Director, U. S. Bureau of Mines. 

7 Consulting Engineer. 

+ Acting Supervising Engineer, U. 8. Bureau of Mines, Northwest Experiment 
Station. 

§ Assistant Mining Engineer, U. 8. Bureau of Mines, Southern Experiment Station. 

19. M. Marshall and B. M. Bird: Test for Measuring the Agglutinating Power of 
Coal. See page 340. 
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Fue, far 


coal RA, which apparently is offset principally by a lower oxygen content. 


All of the coals contain a large percentage of oxygen and normally would — * 


not be considered acceptable for the manufacture of blast—furnace 


coke. Nevertheless, all three of them have been so used—RA and SA with 
small additions of a stronger coking coal, and P alone—but the strengths 


of the cokes are much below the standard that is acceptable in the 


United States. 


Taste 1.—Coal Analyses 


Proximate Analysis Ultimate Analysis 


Coa rey Volatile | Fixed C, H, NG s, fey 
Per Cent.| Matter, | Carbon, |Per Cent.| cect, | Gent. | Cent, {Per Cent. 
MolIsTURE-FREE 

SAU hates Gees 16.11 | 39.95 | 43.94 | 67.50 | 5.15 | 1.62] 0.84] 8.78 

REA oN teenie coats acta 15.80 | 38.39 | 45.81 | 68.50 | 4.99 | 2.34| 0.94) 7.34 

IP est ae o.oo eeccana, a 6.02 | 40.41 | 53.57 | 75.88 | 5.39 | 1.69] 1.07] 9.95 

MoIsTURE-FREE AND ASH-FREE] 

SACS ob Gisele ae yee ee 47.63 | 52.37 | 80.47 |6.14 | 1.93 1.00] 10.46 

RAC. elie sere ea 45.60 | 54.40 | 81.35 | 5.93 | 2:89) 1.11] 8.72 

4 Mie eB Oy Rey ewe 43.02 | 56.98 | 80.73 | 5.74 | 1.80] 1.14] 10.59 


As a general rule, coals initially high in oxygen absorb more oxygen 
readily, and if they initially possess coking qualities, the coking strength 
is reduced by the exposure. These tests gave an opportunity to learn 
how the analyses and agglutinating qualities compared. Samples of 
each coal ground to 40 mesh were exposed in a thin layer for a number of 
months in the laboratory under conditions much more favorable to 
oxidation than obtain in practice. The results which follow show that 
there was an increase in the oxygen contents and a very definite decrease 
in the agglutinating values due to the exposure. 

The results of the coking index measurements are given in Table 2. 
The intervals shown in all the tables represent the number of days 
between the first test or analysis and subsequent tests. Coals RA and 
SA had been out of the mines for about 60 days and coal P for about 20 
days prior to the first measurements. The samples were kept in sealed 
jars from the time they were mined until they were tested; nevertheless 
some decrease in strength unquestionably occurred prior to the initial 
test. This is indicated by the results obtained with samples RG and 
SG. It is probable, however, that the agglutinating value shown by 
the first tests is not more than 10 per cent. below the strength of freshly 
mined coal for coals SA and RA and less for coal P. 

Tests on Coals SA, RA and P in Table 2 show clearly that there is a 
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definite and continued reduction in the agglutinating value as the coal is 
exposed to oxidation. From the analyses, all of the coals seem to be 

_ alike, yet RA and SA drop off with far greater rapidity in their coking 
values than P. This may be due to an increased susceptibility to oxida- 
tion, or other deterioration, because of a slight absorption which occurred 

- in the sealed jar during the period of several weeks between mining and 
testing. This is partly demonstrated by a second series of tests made 
upon coals SA and RA, but upon separate samples from jars that were 
sealed for a much longer time before the initial test was made. The 
interval between zero days in these two tests is 139 days. The results 
of these second tests are also shown in Table 2. 


TaBLe 2.—Agglutinating Values 


E Reduction in 
Interval Approximate | Agglutinating | Agglutinating 
Coal Between Time after Value, Value per Day 
Tests, Days | Mining, Days Grams of Interval, 
Grams 
A First Tests: | 
4 SANS. 2 Pate nE iliahest KPa ate deat rs 0 60 3469 : 
4 54 114 887 - 47.8 
121 181 488 6.0 
LUNGS, i ceca he Pee ar eee ee | 0 60 | 3550 
59 . 119 817 46.3 
106 | 166 606 4.5 
131 191 | 531 3.0 
AE ern apie teva ht cyassiay ee we 0 20 3729 
30 50 2810 30.6 
64 84 2475 9.9 
Second Tests: 
SL CAMS. SOREL edn ot an, eee 0 199 2500 
| 7 | 206 | 894 229 .4 
14 | 213 650 34.9 
FEE Cpe cate Petey usta) olla, ay sid ae leds 0 199 | 2580 
7 206 989 227.3 
TAL ees 2a. tl 431 79.7 


From these tests it is apparent that during the long interval of 139 
days there was a reduction of approximately 1000 g. in the agglutinating 
value of both of these coals, but that after the jars had been opened and 
the coals exposed to the atmosphere there was a further drop of over 
1500 g. in 7 days, a much more rapid diminution in strength than was 
shown by the original samples RA and SA in the same period. 

No similar study was made of coal P, but from some meager data 
obtained during the course of the general investigation, the authors 
formed the opinion that this coal will not deteriorate with such rapidity 


after storage. 


eS 
abit to eatin intone hk decre: 
accounted for by an increase in the o 
analyses were made of each coal from which the | 
could be learned, consequently only general deductions ‘can. bi 
In Table 3, are given the original anole earioge a 


carbon, which for coals RA and SA amount to 2.5 to 3 per cent. an 
coal P to about 1 per cent.; and increases in oxygen, which for cos 
RA and SA amount to 3. 46 per cent. and 2.62 Bey cent. and for coal 
P to 1.06 per cent. nd 
There is a much greater change in the analyses of coals RA ane SA, es 
which are from adjacent mines, than in coal P, which came from a totally — 
different field. The difference in deterioration is evidenced also by the 
lesser reduction in the agglutinating value of coal P, as shown in Table 2. 


TaBLE 3.—Mozisture-free and Ash-free Basis 


Approxi- |Poximate Analyses Ultimate Analyses 2 

Goal _;1:i|rseebe) scatter tl ape ether sal ce i ae ; 

Days | Mining, ee ar C, Hi a : 8, Oo , 

Days reat a Cont. ;,|Per Cent. Gent. Cent. Gent. Per Cent. f : 

; 

BAR nates 0 60 47.63 | 52.37 | 80.47 | 6.14] 1.93] 1.00] 10.46 

253 313 45.63 | 54.37 | 78.03 | 6.02; 1.90} 0.97| 13.08 
Loe ote 0 60 45.60 | 54.40 | 81.35 | 5.93] 2.89/ 1.11] 8.72 
253 313 44.57 | 55.43 | 78.04 | 5.87| 2.82] 1.09] 12.18 
I epiloneatar bn Abe 0 20 43.02 | 56.98 | 80.73 | 5.74] 1.80] 1.14] 10.59 
178 198 42.47 | 57.53 | 79.89 | 5.54| 1.79] 1.13] 11.65 


As far as the agglutinating value is concerned, the most significant 
feature of Table 3 is the increase in oxygen content. Only two ultimate 
analyses were made. Consequently, the variation in the rate at which 
the oxygen was absorbed is unknown. That the absorption does not 
occur at a constant rate has been shown by many researches; Davis and 
Reynolds in Technical Paper 409 of the U. 8S. Bureau of Mines, Bone in 
his “Coal and Its Scientific Uses,” and many other investigators have 
found that the absorption and retention of oxygen are more rapid during 
the early period of exposure than during the later period. A straight 
line does not represent the increase of oxygen with time; the curve rises 
more rapidly during the first days and tends to Qetted out later. 
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Undoubtedly, the coals studied would have shown the same relation 


> had more ultimate analyses been made. 


Table 2 shows this characteristic in the reduction of the agglutinating 
value. The decrease in the value during the first days is much more. 
rapid than during the later part of the exposure, as the last column 
indicates. For coals SA and RA the reduction in value per day during 
the first periods of 54 and 59 days averages 47 g., while the reduction 


‘toward the end of the exposure is from 3 to 6 g. per day. 


Approximate comparisons were made between the drop in the agglu- 
tinating value and the probable increase in oxygen retention, based 
upon the results of other investigators, and the general forms of the 
curves were found to be similar. The data are not complete enough to 
permit final conclusions to be drawn, but the indication appears to be 
that the rate of loss in agglutinating power follows the rate of increase in 
the oxygen content of the coal. A further and more complete investiga- 
tion of this feature is warranted. The agglutinating measurement seems 
sufficiently reliable to give concordant results for such an investigation. 


SUMMARY 


The loss in agglutinating value of three high-oxygen coking coals 
due to oxidation was determined on samples of fine coal exposed to the 
air at room temperature. The results show that the agglutinating value 
of such easily oxidized coals decreases rapidly, which agrees in general 
with the rapid loss in coking quality that the coals tested are known to 
show on account of storage. The agglutinating test may be conveniently 
used as a sensitive method to detect and follow oxidation in a coal. 


Relation of By-product Coke Ovens to the N attra! Gis a 
Supply of the Pittsburgh District 


By Harotp J. Ross,* Pirrspuranu, Pa. 


(Pittsburgh Meeting, October, 1926) 


Tue peak of production from the Appalachian natural gas field was 
apparently reached about 10 years ago, and the annual production from 
Pennsylvania, West Virginia and Ohio has now dropped to about two- 
thirds of the amounts obtained in 1916 and 1917. This falling off in 
production has occurred in spite of vigorous efforts and large expendi- 
tures by producing companies to maintain or increase their output. The 
greatly increased costs of development and handling are reflected in the 
present average value of natural gas at the point of consumption, which 
value in the three states referred to has more than doubled in the past 
10 years. 

While it is true that the natural gas production of the United States 
has increased during recent years, this increase has come from south- 
western states, particularly from Oklahoma, California, Louisiana and 
Texas, which states are now leaders in the production of this valuable but 
fleeting resource. Pennsylvania, originally the leading state in natural 
gas production, occupies sixth place in the latest (1924) U. S. Bureau of 
Mines statistics. West Virginia, which held first place for 15 years, has 
dropped to third rank, and Ohio is the seventh state in the order of 
natural gas production. 

Domestic and industrial demands for gas are constantly increasing 
everywhere in the United States. These growing demands have accentu- 
ated the difficulties in the localities with depleted natural gas supplies, 
and serious shortages have already occurred during winter months in the 
Pittsburgh district. Some relief has been obtained by placing restric- 
tions on the industrial use of natural gas, and by increasing the price 
(which tends to reduce consumption). Yet these are but temporary 
expedients for checking gas consumption, which fail to solve the problem 
of adequate future supplies of gas. 

Gas is an exceedingly valuable and important form of fuel, and serious 
restrictions on its use cannot be tolerated for long in any community. 
As the supply of -natural gas declines, it must be supplemented. and 
eventually replaced with some form of manufactured gas. Many cities, 
including Pittsburgh, are already supplementing their natural gas supply 
with the manufactured product. 


* Assistant Chief Chemist, The Koppers Co. 
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SEASONAL VARIATION IN DEMAND FoR NaTuRAL Gas 


One of the difficult problems which the natural gas companies face 
is the extremely seasonal character of the demand for gas, due to the 
house-heating load. In the city of Pittsburgh, for example, domestic 
gas consumption during the month of January averages about five times 
as great as in the month of August. The low summer requirements are 
met by shutting in the better wells, and using the compressor stations 
to maintain necessary line pressures. Gas which is not needed is kept in 
the ground under pressure until winter months, when wells are connected 
in as needed, and may be intensively ‘‘pumped” when the maximum 
supply is required. Thus natural gas operators possess a simple, flexible 
and fairly economical way of meeting their extreme load variations, so 
long as they are able to procure enough natural gas for their peak loads. 

However, the extreme seasonal variation in demand for natural gas 
greatly increases the practical and economic difficulties of using manu- 
factured gas to supplement the supply under present local conditions, 
since such gas is needed during only a few weeks in the year. The natural 
gas companies have the alternative of building expensive manufactured 
gas plants and letting them stand idle more than 80 per cent. of the time, 
or else operating such plants continuously, and still further reducing 
the income, during summer months, from their large investment in wells, 
compressor stations and pipe lines. 

All manufactured gases differ widely from natural gas in respect to 
heating value per cu. ft., air requirement for combustion, specific gravity, 
etc., and while gas-burning appliances can be adjusted to burn any partic- 
ular mixture of natural and manufactured gas with entire success, they 
cannot be adjusted to burn satisfactorily mixtures which fluctuate widely 
in character from month to.month. This is an important limiting factor 
which must always be kept in mind. 


Typres oF GAS-MAKING PROCESSES 


Two general types of gas-making processes are available for considera- 
tion. One type, represented by the blue water-gas process, may be 
operated intermittently, and for this reason it is well adapted to peak load 
conditions. While the heating value per cu. ft. is very low, being less 
than 30 per cent. that of natural gas, its flame temperature is higher, and 
furthermore it is added at times when the effect of its addition is mini- 
mized by the enormous volume of natural gas which is being distributed. 
At Elrama, Pa. (about 20 miles south of Pittsburgh, on the Monongahela 
River), there is located a blue water-gas and producer-gas plant having 
a maximum daily send-out of about 30,000,000 cu. ft., of which blue gas 
represents some 75 to 80 per cent. of the total. This plant is operated 


ae 


NATURAL GAS SUPPLY OF ‘THE PITTSBURGH ‘DIST RI io 


396 


as necessary during winter months, and the output is mixed aah natural 
gas in one of the systems entering the Pittsburgh district. The heatis g 


wp 


value of the mixed gas is maintained above 900 B.t.u. per cu. ft. 

The other principal manufactured gas is coal gas, which can be most 
satisfactorily produced on a large scale in by-product coke ovens. Coal 
gas from this source is the cheapest high-grade gas which can be manu- 
factured. Ithasaflametemperature higher than natural gas and a heating 
value per cubic feet nearly twice as high as blue water gas. How- 
ever, coke ovens must operate continuously, and while their surplus gas 
output can be varied considerably, as will be discussed later, a coke oven 
gas production which is large enough to be of real value in winter, might 
under present conditions prove burdensome in summer. For example, 
if the proportion of coal gas to natural gas became high during summer 
months, the properties of the mixed gas would be seriously modified. 
Furthermore, a large production of coal gas during summer months would 
still further reduce the income from natural gas at that time, although 
fixed charges and payrolls for the natural gas properties would continue 
practically unchanged. 

Coke ovens, with their comparatively steady production of inexpen- 
sive, high grade coal gas, are admirably adapted for supplying base-load 
gas. They are already used for this purpose in a number of cities, and 
this use is very rapidly growing. A fortunate coincidence is the fact 
that the coke produced in the ovens is the best raw material for the 
manufacture of water gas. 


FavoraBLe Location oF PirrspurGH District FoR MANUFACTURE 
oF CHEAP Gas 


There is perhaps no place in the world which is more favorably located 
for the production of cheap manufactured gas in unlimited quantities 
than the Pittsburgh district. The time will undoubtedly come when 
this area is supplied with coke-oven gas, supplemented whenever neces- 
sary with blue water gas enriched with a moderate proportion of natural 
gas. This time is not yet at hand, and the transition period from the 
present high-B. t. u., high-specific gravity natural gas occurring in natural 
underground storage, to manufactured gases having very different 
characteristics, and which have to be manufactured in the varying 
quantities needed from day to day, is beset with many technical and 
economic difficulties. 

It is not my intention to discuss such problems. The remainder of the 
present paper will be confined to a discussion of the possible part which 
existing by-product coke ovens might play in supplementing the natural 
gas supply of the Pittsburgh district, and also the important bearing of a 
new type of coke oven on this problem. 
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HAROLD J. ROSE 
COKE-OVEN Gas 


When a ton of good high-volatile coal of the sort produced in the 
vicinity of Pittsburgh is coked in modern by-product coke ovens, about 
11,000 cu. ft. of coal gas having a heating value of some 585 B.t.u. per 
cu. ft. is obtained. This gas contains in vapor form about 3)4 gal. of 


“light oil” (a mixture of crude benzene, toluene, xylene and solvent 
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- Frq. 1.—ANNUAL COAL-CARBONIZING CAPACITIES OF BY-PRODUCT COKE-OVEN PLANTS 


In PirtsBuRGH DistTRIcT. 


naphtha). Gas companies, particularly those having a high B.t.u. 
standard to maintain, usually prefer to leave the light oil in the gas, but 
by-product coke plants operated in connection with steel works, find it 
profitable to remove this product by a scrubbing process which recovers 
the light oil in liquid form, and reduces the heating value of the coal gas 
to about 550 B.t.u. per cubic feet. 

It may come as a surprise to those who are unacquainted with the 
present development of the by-product coking industry of this country, 
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to learn that coke-oven gas is being produced in quantities ze the. same 


order of magnitude as natural gas. Yet such is the case. pet 
For example, the by-product coke ovens of Pennsylvania can annually 


produce a volume of coal gas greater than the maximum quantity of 


natural gas ever produced or consumed in that state in a single year! 
Or, to consider a larger area, in 1924 the total production of natural 


gas east of the Mississippi River was 360,000,000,000 cu. ft., whereas 
the production of coke-oven gas in the same area for that year was 


530,000,000,000 cubic feet! 

Fig. 1 graphically illustrates the annual coal-carbonizing capacities 
of the by-product coke oven plants located in the vicinity of Pittsburgh, 
Youngstown, Ohio, and in northern West Virginia. The area shown in 
this map has been somewhat arbitrarily chosen for the purpose of this 
paper, and while it shows all of the by-product coke ovens in West Vir- 
ginia, it includes only a few of the plants in Pennsylvania and Ohio. 
It will be noted that the coke ovens shown have an annual coal-carboniz- 
ing capacity of 23,000,000 tons, which is equivalent to a total coal-gas 
production of more than 250,000,000,000 cu. ft. per year. The question 
in which we are at present interested is, how much of this total amount 
might be made available for supplementing our natural gas supply. 


AVAILABILITY OF COKE-OVEN GAS 


All by-product coke ovens are heated with gaseous fuel, and until a 
few years ago, they were invariably heated with a portion of the coal gas 
which they produced. At first, practically all of the coal gas obtained 
was consumed in heating the ovens, but with the introduction of improved 
heating methods, gas consumption dropped to less than 50 per cent. of 
the total production. The underfiring requirement has been gradually 
reduced until in the best modern ovens, only 35 to 40 per cent. of the 
gas (or its thermal equivalent in other fuel gas) is required. The remain- 


ing 50 to 65 per cent. of the gas, which is not used for oven heating, is 


called ‘‘surplus gas.” 
In the case of merchant coke plants, or merchant blast furnaces 


operating their own by-product coke ovens, practically all of this “surplus 


gas” is available for sale. However, a complete steel plant (by which is 
meant blast furnaces, open-hearth furnaces and rolling mills combined 
with by-product coke ovens), consumes an enormous amount of gaseous 
fuel, and it is generally agreed that such a p'ant needs all of the “surplus 
gas’’ from the coke ovens, and all of the blast-furnace gas, for its own use. 
Each plant shown in Fig. 1, with the exception of the one at Fairmont. 
W. Va., is operated in connection with a steel plant, and it can be safely 
assumed that substantially all of the surplus gas from these coke-oven 
plants is being consumed for purposes to which it is well adapted. 
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The possible assistance which these plants could give in supplementing 


; the natural gas supply of the Pittsburgh district, is therefore limited to 
the amount of coal gas which would be released if producer gas (or blast- 


furnace gas) were used for heating those ovens which are constructed 


to permit the use of such fuel gas. 


Use or Low-B.1.v. Gas ror Heating CoxE Ovens 


It has already been stated that until recent years, all coke ovens were 
heated with a portion of the coal gas which they produced. Coal gas 
has a high flame temperature, and the ratio of the volume of coal gas to 
air required for combustion is small, so that only the air needs to be pre- 
heated in the regenerators. Cold blue water gas can also be used for 
oven underfiring, but its cost almost prohibits its use for this purpose. 

Producer gas (made from small coke and coke breeze) is an excellent 
and cheap fuel for heating coke ovens. Since the flame temperature is 
low, and since producer gas and air are required in about equal volumes, 
it is necessary to preheat both gas and air in the regenerators. This 
requires special regenerator construction, and furthermore, important 
problems in flue design are introduced, owing to the large volume of waste 
gas which has to be handled. 

It was early recognized by the company with which I am associated 
that the time was not far distant when economic conditions in many 
localities would compel the use of low-B.t.u. gas for heating coke ovens. 
With this in mind, the combination oven was introduced. The combina- 
tion oven was a Koppers oven which contained the modifications neces- 
sary to permit heating with either coal gas or producer gas. This design 
represented an important advance in making coke ovens adaptable to 
changing environment, and from that time on, combination ovens were 
strongly recommended for new installations. 

The first ovens of this type were built in 1912, and the second plant 
in 1915 since that time a great many combination ovens have been built. 
The first actual use of producer gas for underfiring coke ovens was at 
Providence, R. I., in 1919. At the present time a number of coke-oven 
batteries are being heated with producer gas, with complete satisfaction 


in each case. 


ReEcENT DEVELOPMENTS IN COMBINATION CokE Oven DisiIGN 


The problem of the relation of by-product coke ovens to natural gas 
supply has been considered in detail in a paper prepared jointly by C. J. 
Ramsburg, F. W. Sperr, Jr. and Joseph Becker, and delivered before the 
fifteenth annual meeting of the Natural Gas Association of America, 
at Buffalo, N. Y., in 1920. However, there have been some very 
important developments in the intervening six years. 
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a daily carbonizing capacity was soon reached mien By was s not nope ; 
to exceed, since it would have involved difficult problems of ree lanai + : 
and also have necessitated a further increase in the cross-sectional area — 
of the horizontal flue. This structural change would have seriously een 
interfered with the uniformity of heating, and would have weakened 
the oven structure. ‘ 
These and other practical problems, which were pene the develop- ae 
ment of by-product coke ovens, were sucessfully solved by the intro- 
duction of an oven utilizing new principles of design, which has been 
named after its inventor, Joseph Becker. The details of construction 1 
and advantages of this oven have been discussed in a paper! read before | 
the American Institute of Mining and Metallurgical Engineers in 1923, 
and the only feature which needs to be emphasized in the present discus- 
sion is the fact that every Becker oven is a combination oven. That is, 
the inherent design of this oven is such that it can burn any type of fuel 
from low-grade blast furnace gas to the richest coal gas. 
It was formerly necessary, in the case of each new installation, to 
decide whether to build the standard coke oven, which could be heated 
only with coal gas, or (on the possibility that 100 per cent. of the coal gas 
might be needed at some future time) to build combination ovens, which 
were somewhat more expensive, and were subject to certain limitations 
in design. The result was that few combination ovens were built for 
steel plants. > 
A single type of oven now meets all requirements, and every oven 
of this new type is a potential producer of some 11,000 cu. ft. of surplus 
gas from each ton of coal carbonized. Furthermore, large increases in 
carbonizing capacity have been obtained. Whereas the standard 
performance for combination ovens of the former type was 18 tons of coal 
carbonized per oven per day, some of the Becker oven installations are 
carbonizing more than 30 tons of coal per oven per day in regular opera- 
tion, and there is no indication that the practical limit in capacity has 
yet been reached. 


1 Joseph VanAckeren: Heat Distribution in New Type Koppers Coke Oven. 
Trans. A. I. M. E. (1923) 69, 513 
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The annual carbonizing capacity of the ovens of this new type which 
are in operation or under construction in the United States, already 
totals more than 20,000,000 tons of coal. One-half of this capacity, or 
10,000,000 tons, is located at the plants shown in Fig. 1. All of the 
Becker oven plants which have gone into operation in this area are using 
coal gas for underfiring at the present time, but if producer gas or blast- 
furnace gas were used for underfiring, at least 4000 cu. ft. of coal gas per 
ton would be released for other purposes, or a total of 40,000,000,000 cu. 
ft. per year. Whether or not this additional gas would be available for 
sale in any particular instance would, of course, depend upon the fuel 
requirements of the associated steel plants and upon the price which 
could be obtained for it. 

No combination coke ovens of the earlier type were ever built for 
iron and steel companies in the vicinity of Pittsburgh, so that nearly 
13,000,000 tons of coal-carbonizing capacity must continue to be heated 
with coal gas. Since the introduction of the Becker type oven, more 
than 95 per cent. of the new carbonizing capacity built in the district 
has been of this type, which shows what an important bearing this oven 
has on our future reserves of surplus coke-oven gas. 

At Fairmont, W. Va., a battery of 60 Koppers combination coke 
ovens designed to be underfired with producer gas, was built in 1920. 
The daily carbonizing capacity is about 1100 tons of coal. The coke- 
oven gas is added to a large excess of natural gas, which is then distributed 
in the usual way. None of the gas from this plant enters the vicinity 
of Pittsburgh. 


Uss or CoKr-oveN GaAs IN OTHER CITIES 


Coke-oven gas is already a large factor in the manufactured gas 
industry, and its use as “‘city gas” is growing very rapidly. More than 
65,000,000,000 cu. ft. of coke-oven gas was distributed through city 
mains in 1924, and this amount represents more than half of the total 
coal gas so distributed. 

The following is an incomplete list of cities to which coke-oven gas 
is supplied as a portion of the send-out, or which will use it as soon as 
coke ovens now under construction are completed: 

Ashtabula, Cleveland and Toledo, Ohio; Baltimore, Md.; Battle 
Creek, Detroit, Jackson and Saginaw, Mich.; Birmingham, Ala.; 
Boston, Framingham and Lynn, Mass.; New York, Rochester, Troy 
and Utica, N. Y.; Camden, Jersey City and Newark, N. J.; Chicago, IIl.; 
Duluth and St. Paul, Minn.; Ft. Wayne, Indianapolis and Terre Haute, 
Ind.; Milwaukee, Wis.; Providence, R. I.; St. Louis, Mo., and 


Seattle, Wash. 


NATURAL GAS SUPPLY OF ‘THE PITTSBURGH DISTRICT 
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nree fuels. It clearly indicates that bituminous coal must be 
‘incipal raw material for gas manufacture in the future. Since the 
ern by-product coke oven is the most satisfactory and economical 


burgh, located in the world’s greatest area of coking-coal production and 
coke consumption, will eventually depend upon coke ovens for its 
principal source of gas supply. 
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Classification of Coal—Introduction 


By A. C. Fizipner, Wasuinaton, D. C. 


Chairman, Sectional Committee on Classification of Coal, American Standards Association 


In November, 1926, the American Engineering Standards Committee 
(now the American Standards Association) called a meeting of repre- 
sentatives of various professional societies and industrial, educational 
and governmental organizations to consider what action, if any, should 
be taken on the classification of North American coals. This meeting 
was called because a system for the use classification of coal, proposed by 
George H. Ashley, had been referred to the committee by the Coal 
Mining Institute of America. This meeting, at Pittsburgh, was well 
attended and was definitely in favor of taking up the whole question of 
scientific and use classification of coals, including all the various ranks 
from lignite to anthracite. The American Society for Testing Materials 
was recommended as the sponsor organization to take charge of the work 
and organize the sectional committee according to the rules of the 
American Standards Association. 

The American Society for Testing Materials proceeded with the 
organization of the sectional committee, holding a meeting in Phila- 
delphia, June 10, 1927. Officers were elected, regulations adopted, and 
general plans for carrying out the work were outlined. The total mem- 
bership of 28 comprising the sectional committee consists of 8 producers, 
2 distributors, 9 consumers and 9 members representing general and 
scientific interest. From this committee three technical committees 
of 10 to 12 members each were organized: Scientific Classification, H. J. 
Rose, chairman; Use Classification, W. H. Fulweiler, chairman; Market- 
ing Practice, F. R. Wadleigh, chairman. 

The Technical Committee on Scientific Classification was requested 
to formulate a system of coal classification based on chemical and physical 
properties of coal and with reference to origin and constitution. The 
Technical Committee on Use Classification was charged with developing a 
system of classification, if possible, based primarily on the uses of coal 
and commercial practice; this system to be correlated with the scientific 
system as far as possible and desirable. The Technical Committee on 
Marketing Practice was formed to collect and collate information on 
commercial practice for the benefit of the other two committees. 

The first meetings of the technical committees were held on Nov. 
17, 1927, and the first informal’progress reports were submitted to the 
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sectional committee at the annual meeting on March 29, 1928. Also, 


; _at the Annual Meeting of the American Institute of Mining and Metallur- 


gical Engineers in February, 1928, a symposium! was held on the classi- 


fication of coal, at which 13 papers were presented, relating to the 


classification of coal from different points of view; namely, from the 
point of view of the chemist, the geologist, the paleobotanist and — 


_the various users of coal. These papers were very helpful to the com- 


mittee in starting its work. 

At the last annual meeting of the sectional committee, held March 
28, 1929, it was recommended that the progress made by the committee in 
its first two years, as represented by the work of individual members and 
subcommittees, should be presented at a symposium on coal classification? 
at the Annual Meeting of the American Institute of Mining and Metallur- 
gical Engineers in February, 1930; also that the manuscripts should be 
submitted in ample time for preprinting, so that the various papers could 
be sent out to interested members for discussion at the meeting. 

It must be understood that these papers are not official reports of 
the committee or subcommittees, but are unofficial results of investiga- 
tions or views of the individual authors. Publication of these papers 
affords the opportunity for criticism and suggestion. The committee 
needs to know the point of view of the different industries concerned in the 
production and use of coal, as well as that of the geologist and chemist. 


1Two of the papers, “The Classification of Coal,” by Clarence A. Seyler, and 
‘Pure Coal as a Basis for Classification,” by F. V. Tideswell and R. V. Wheeler, 
were included in Trans. A. I. M. E. (1928) 76, 189, 200. The remaining papers are in 
this volume, pp. 406 to 488. 

2See pages 489 to 715. 


Glanatertion of Coal from Proximate Analysis and 
Calorific Value 


By W. T. Tom, Jr.,* Princeton, N. J. 


(New York Meeting, February, 1928) 


Many able men have contributed to the subject of coal classification, 
and recent publications on the subject have indicated a crystallization 
of opinion in that connection which promises the development in the 
near future of a scheme of coal classification which will be of real and 
increas'ng value to coal producers and users, as well as to those interested 
in coal on more exclusively scientific grounds. It is obvious that such a 
classification must be simple; must be based upon readily ascertainable 
factors; and if properly developed will apply to the whole range of coals 
between peat and anthracite and not merely to certain types of coal. 
Many of the numerous schemes of classification proposed in the past 
have given quite satisfactory results when applied to the higher rank 
coals, but have broken down when applied to the younger coals of higher 
moisture, and, as previously pointed out by the writer,! this breakdown 
has been due to the practice of ruling out ‘“‘moisture”’ as an essential com- 
ponent of the volatile matter reported in the customary proximate 
analysis of coal, whereas a review of the mode of formation and natural 
history of coal satisfies us that moisture is a normal and natural ingredi- 
ent among its volatile constituents; and a knowledge of analytical prac- 
tice shows that the “moisture” and ‘‘volatile matter” reported are 
both mixtures of moisture and volatile matter, rather than sharply 
differentiated distillation fractions. 

After an extended consideration of the subject the writer regards 
the conventional proximate analyses of coals as affording the information 
essential for a both practically and scientifically satisfactory classifica- 
tion—assuming that the coal samples compared have been collected 
and analyzed according to standard methods. Two variables are 
required for a workable classification, and these appear to be afforded 
by the calorific value and proportion of volatile constituents (including 
moisture) credited to the coal on an ash-free basis. The writer originally 
proposed that the figures used for classification purposes be those given 
for the ‘‘air-dried”’ and “‘ash-free” form of the proximate analysis, 


* Department of Geology, Princeton University. 


1 W. T. Thom, Jr.: Moisture as a Component of the Volatile Matter of Coal. 
Trans.:A. I. M. E. (1925) 71, 282. 
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VALUE OF COALS REPRESENTATIVE OF COAL RANKS AS NOW RECOGNIZED BY THE U.S. 
GroLoeicaL Survey. ANALYSES PLOTTED ARE ON AIR-DRIED, ASH-FREE BASIS. 


scheme of classification promises to give a separation of coals of different 
chemical, physical and use properties sufficiently clean-cut for practical 
purposes, as is suggested by Fig. 1. 


We all agree, y tities nate in ie mai 
and reasonable manner, and consequently that a sir C 
useful classification of coal is possible. Furthermore, that a a 
scheme of classification will show differences between coals of 1 
geologic age reflecting the evolutionary change in plant types 
has taken place in the past. It is to be expected that our woody w 


physical differences from prevailing Paleozoic coal types, due to changes _ 
in the peat-forming vegetation which took place between Permian 
and Upper Cretaceous time, and that the results given in our chemical 
analyses will therefore to a degree be related to geologic age as wellasto 
the environmental conditions under which the coals were formed. ; 


SUMMARY 


In conclusion, therefore, I should like to stress the idea suggested 
by Prof. 8. W. Parr some years ago, and reiterated by Dr. G. H. Ashley, 
as to the importance of moisture in the composition and use of coals, 
and therefore in their classification. Many of the significant physical 
properties of coals are directly related to their proportions of contained 
moisture. The remaining physical properties appear to be expressions 
of chemical differences in the combustible parts of the coal, which arein 
turn related to and reflected by the differences in the heating values of 
the different coals shown in proximate analysis. Facts presented by 
Dr. Thiessen in his paper,? will I believe, strengthen and support these 
general propositions. 

Doubtless for a workable scheme of coal classification some general | 

system of nomenclature will have to be developed and agreed upon. 
And for the reasonably precise determination of use properties from 
ordinary analyses a graphic classification (on a suitable scale) will, 
it is believed, be found essential. For this purpose the general form 
given in Fig. 1 (which is based upon a form proposed by Professor 
Parr) appears to be most serviceable. 


DISCUSSION 


M. R. Campse.t, Washington, D, C.—I believe I reflect the opinion of some of our 
leading botanists in questioning the statement that the structure of plants living in 
Paleozoic times differs much from those living in Mesozoic times; therefore that could 
not be considered a very important element in determining differences or causing 
differences. Am I correct in my interpretation? My principal authority is a recent 
statement by the late F. H. Knowlton. 


R. Tuizssen, Pittsburgh, Pa.—This is a rather complicated matter and it would 
take quite a long discussion in order to bring it out thoroughly. It is part of the 4 
subject on which I shall speak later but I shall say just a few words now: 
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2 See p. 419. 
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We must 4 into consideration that in the Paleozoic times we had relatively few 
species of plants to deal with. The chemical composition of all plants, no matter in 
what age, was much alike; that is, the functions of the living plants were about the 
same as they are today, but the structure of the Paleozoic plants was different from 
the structure of the Mesozoic plants asa whole. Take the old Calamites, for example. 
They were large trees over 100 ft. in height and several feet in diameter; there are 
records of some that were as much as 6 ft. in diameter. These trees had a’shell of 
wood that was only about 2 in, thick, in which there was a lining of pith, of only a few 
inches in thickness, and the center was hollow. On the outside of the shell of wood 
there was again a layer of pithy tissue in turn surrounded by a rather hard tissue. 
The trees of Mesozoic times were exactly of the same structure as our plants today; 
they were solid and compact. Coal formation, of course, was largely due to fungal 
and bacterial decomposition and disintegration, and of course those large shells, put 
together like staves in a barrel, disintegrated much more readily than would the solid 
trunks of our pine trees, for example, or oaks. 

Again, as far as is known, the Paleozoic plants contained fewer toxic substances, 
like resin and tannin. Our conifers particularly are full of resinous matter, and this 
was also true of the Mesozoic conifers; the oaks and similar trees are full of tannins. 
These are preservative components and tend to preserve the wood more than the 
woods were preserved in the Paleozoic times. 

We must then not only take cognizance of the difference in structure of the 
Paleozoic plants as compared with our plants of today, but we also must take into 
consideration the chemical ingredients and their relative amounts in those plants. 
I have said that the chemical composition was the same as a whole but there is a 
difference in the amounts of the different chemical compounds. 

We must compare, for example, the Calamites with the horsetails. We know 
that the chemical composition of the horsetails is very different from the chemical 
composition of a pine tree, for example. I do not mean to say that the lignin and 
cellulose differed, but in connection with the lignin and cellulose there were other 
compounds that were in the one and not in the other, or in very different amounts 


in the one than in the other. 


This is a rather long and difficult matter and it would take a long time to discuss 
it thoroughly. 


A. C. Fiztpner, Washington, D. C.—Professor Parr bases his system of classi- 
fication on two factors, namely, the calorific value of the ‘‘unit coal’’ substance and 
the percentage of ‘‘unit coal” volatile matter. These values are plotted on rec- 
tangular coordinates, the British thermal unit as ordinates and percentage volatile 
matter of ‘unit coal” as abscissas. The different classes of coal group themselves 
in fairly definite fields, especially the anthracite, semianthracite, semibituminous 
and bituminous coals. In fact, the eastern type of bituminous coal is separated 
from the western type of bituminous coal. In the region of subbituminous coal 
and lignite, the groups are not so clearly marked. This may be due to the samples 
not representing the coal as it occurs in the mines. As stated in Seyler’s paper,’ 
Parr’s classification can readily be combined with the ultimate analysis method by 
the scheme developed by Ralston. Parr’s method has the advantage of using deter- 
minations that are usually made in commercial analyses of coal. This advantage 
was pointed out by Ralston in his paper‘ published in 1915. 


3C. A. Seyler: The Classification of Coal. Trans A. I. M. E. (1928) 76, 189. 
40. C. Ralston: Graphic Studies of Ultimate Analyses of Coals. U. 8. Bur. 
Mines Tech. Paper No. 93 (1915). 
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The method of classification described by Dr. Thom, in which mine moisture and 
calorific value are used for classification, also possesses the same points of convenience 
as Professor Parr’s system. This method should also be thoroughly investigated 
by the Classification Committees. It is possible that it can be correlated with the 
other methods so that finally we will define each rank of coal in terms of all the various 
limits used in the different systems of classification. For example, in defining low- 
rank semibituminous coal, we will give the limiting mine moisture and ash-free 
calorific value as suggested by Dr. Thom; the ash-free calorific value, moisture, 
volatile matter and calorific value as used by Mr. Campbell in the Geological Survey’s 
method of classification; the limits in unit coal volatile matter and calorific value as 
required by Parr; and finally plot the carbon, hydrogen and oxygen on a trilinear 
diagram as suggested by Seyler and Ralston. ‘This system of coal classification will 
then become a combination and simplification of three or four leading systems now 


in use. 
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Classification of Coals by Ultimate Analysis 


By H. J. Rosz,* Pirtspureu, Pa. 


(New York Meeting, February, 1928) 


IN a paper! presented before this Institute in 1926, I briefly discussed 
the evaluation of coking coals by means of ultimate analysis. The paper 
contained several graphic studies in which coal analyses calculated free of 
moisture, ash, sulfur and nitrogen were plotted on triaxial diagrams in 
which carbon + hydrogen + oxygen = 100 per cent. 

From a study of such data for 600 coking coals of the United States, 
and 150 coking coals of Wales, France and Germany, it was concluded 
that it was usually possible to predict coking properties and by-prod- 
uct yields with fair success from ultimate analysis. The coals which 
have proved exceptions to the general rules were found to have physi- 
cal peculiarities. 


RUN-OF-MINE COAL 


It must not be forgotten that run-of-mine coal is a composite material 
consisting of many constituents differing in physical properties and 
chemical analysis. A coal sample usually contains: 

1. Glossy black coal known as anthraxylon or vitrain. This consti- 
tuent usually has the strongest coking properties, and the lowest 
ash content. 

2. Dull black coal consisting of attritus containing thin layers of 
anthraxylon. It is also known as clarain. This constituent, in a coking 
coal, usually has good to excellent coking properties. 

3. Mineral charcoal or fusain. This is a porous black material which 
is soft and crumbly (unless impregnated with mineral matter) and which 
has absolutely no coking properties. It is different in every respect from 
the other constituents in coal. The volatile matter content of mineral 
charcoal is less than 20 per cent. even when it is associated with high- 
volatile coals. As would be expected the hydrogen content is low, and 
the carbon content is high. 

4. A coal sample may contain tough gray canneloid material which 
has a high-volatile matter and a high hydrogen content, but is poor in 
coking qualities. 

* Assistant Chief Chemist, The Koppers Co. 

1H. J. Rose: Selection of Coals for the Manufacture of Coke. Trans. A. I. M. E. 


(1926) 74,600. 
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depend on the rank of the coal with whith aie are odie 5 

Coal also contains visible mineral impurities such as shale, clay, : 
pyrites, etc., which have an effect, sometimes very considerable, on 
coke structure. ‘ - 

Since coal is a mixture of dissimilar constituents which occur in vary- 
ing and undetermined proportions, it can not be expected that the — 
average analysis of such a mixture will in every case permit a reliable 
conclusion to be drawn as to-the general character of the coal. For 
purposes of scientific classification it is hardly satisfactory to say that a 
coal contains 37 per cent. volatile matter, when in fact it is a mixture of 
three constituents containing for example 19, 34 and 48 per cent. vola- 
tile matter. 

A run-of-mine coal may contain such large amounts of mineral 
charcoal or canneloid material that it resembles coal of another rank in . 
analysis, but not in properties. Ora sample may contain enough splint 
coal and shale to modify considerably its properties, without very greatly a 
affecting its analysis. | 

This composite character of coal adds to the difficulty of satisfactory 
coal classification. Fortunately, extreme cases of the type mentioned 
above do not seem to be very frequent in actual practice, and they can 
usually be anticipated if there is an opportunity to examine the coal in 
bulk. Experience to date does not indicate that ultimate analysis is 
either more or less useful for detecting these exceptional cases than other 
characteristics commonly used in coal classification. The systems of - 
coal classification that have been proposed to date do not provide for the 
fact that coal as produced and used is a mixture of dissimilar materials, 
yet the composite character of coal has been known for many decades. 


PREDICTION OF CoKING PROPERTIES 


In general it may be said that the ultimate analysis of a coal permits 
its coking properties to be correctly predicted about eight or nine times 
out of 10. This average can be raised if there is an opportunity to inspect 
the coal in bulk. The percentages of various constituents present in coal 
may be roughly estimated by hand separation, but there are at present no 
satisfactory quantitative methods. 

As pointed out by Ralston,? the triaxial diagram has mathematical 
properties which make it valuable in studying the properties of mixtures. 
ee nr nmanenene una. 


20. C. Ralston: Graphic Studies of Ultimate Analyses of Coals. U. 8. Bur. 
Mines Tech. Paper No. 93 (1915). 
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It is also very useful in comparing different systems of coal classification. 
_The paper previously referred to contains a comparison of 150 coking 
coals of the United States graphed according to their ultimate analysis, 
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Fig. 1.—SEYLER’S CLASSIFICATION OF COALS. 


and by Parr’s® classification using volatile matter and British ther- 
mal units. 

Fig. 1 graphically represents Seyler’s system of classification* super- 
imposed on a triaxial diagram. This classification provides for a wide 
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range of coal types, and is undoubtedly the most comprehensive system 
based on ultimate analysis. Seyler has developed a systematic and more 
or less self-explanatory nomenclature for his classes, but the names 


39. W. Parr: The Classification of Coal. Jnl. Ind. & Eng. Chem. (1922) 14, 919. 
40. A. Seyler: The Chemical Classification of Coal. Fuel in Science and Practice 
(1924) 3, 15, 41, 79. 
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are rather icsssedaites a is que 
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Fig. 2 presents Griiner’ s® Bey et coal ‘daseaticd n 
oldest and perhaps the best known system that i is in use to 
based on ultimate analysis. The overlapping of certain class 
between other classes is well shown by this figure. Griiner’s 
tion, unlike Seyler’s, does not provide for coals of unusually high or 
hydrogen content. 

A detailed comparison of the advantages and disadvantages of these 
and other systems can best be made by classifying a large number of 
typical coals of known properties and behavior, by each method, and 
observing which system of classification best succeeds in separating 
unlike coals, and in grouping coals of similar properties. 


DISCUSSION : 


G. 8. Ricz, Washington, D. C.—May I ask what would be the effect if this ulti- a 
mate analysis is based on air-dried coal? ‘ 
J 

. 


H. J. Rosr.—Since air-dried coal contains moisture, which is composed of 
hydrogen and oxygen, the position of any coal will be shifted upwards and to the right 
on the triaxial diagrams, if the moisture remaining in air-dried coal is included in the 
ultimate analysis. It would result in a greater separation of high-moisture coals on 
the diagrams. 


G. S. Ricz.—Does it destroy the value of it for the higher rank coal? 


H. J. Rost.—No, I do not think so. I have plotted the ultimate analyses of air- 
dried coals reported by Dr. Ashley in a paper® presented before the Institute, and ' 
believe that there are certain advantages in using the air-dry basis. In the studies of 
coking coals which have been described, only high-rank coals were considered, and 
there is no objection to comparing such coals on the moisture-free basis. However, : 
I do not see that we can avoid consideration of moisture in a practical classification 
including lignite and subbituminous coal. 


H. N. Eavenson, Pittsburgh, Pa.—Have you enough data to ie ot that. ‘on 
the chart? 


H. J. Rosr.—The diagram of Dr. Ashley’s ‘‘type coals”’ shows how different coals 
are spaced on the triaxial diagram, when moisture is included in the ultimate analysis. 


G. S. Ricr.—lIs it possible to put into your paper a sheet on which that would 
be plotted? 


H. J. Rosr.—I would be glad to do that except that the shape and size of the 
diagram is such that it is not suitable for reproduction in the Transactions. How- | 
ever, I can furnish the blueprints of the diagram. 


M. R. Campsety, Washington, D. C.—I have a rather small point which I would 
like to mention. Mr. Rose admits that banded coal can not be separated in practice. 


5H. Griiner and G. Bousquet: Classification de la houille. Atlas Général des 
Houilléres. (1911) Ile, 16. Comité Central des Houilléres de France, Paris. 
6G. H. Ashley: A Wes Classification of Coal. Trans. A. I. M. E. (1920) 63, 782. 
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Why then should it be considered in separate parts when you try to classify it? That 
does not seem to be logical. Of course we have entire beds of splint coal which are of 
uniform texture throughout but when the coal is banded I can not see the object of 
separating the bands in an attempt to classify it. 


H. J. Rosr.—I think that is largely a matter of viewpoint. Chemists like to get 
at the bottom of things, and if they find two coals of similar ultimate and proximate 
analysis, but which behave differently, they want to learn the reason. If by picking 
the coals apart and analyzing the constituent bands, they can explain the difference, 
that gives them a great deal of satisfaction. 

Actually, however, some separation of the different constituents in coal is accom- 
plished whenever it is screened. I have in mind a seam in which a band of splint coal 
is present. When the coal is screened, the splint coal, which consists of large tough 
slabs, remains in the largest. size, and makes a product which brings a nice price for 
certain uses. Water-gas men are glad to get this product for generator fuel, coke-oven 
men are satisfied to have it left out of the product which they coke, and the chemist 
feels justified in recognizing the existence of the splint band in this coal seam. 

When coal is screened, mineral charcoal tends to concentrate in the slack. The 
natural 60-mesh dust from coal will not coke at all. A considerable proportion of 
mineral charcoal can be removed from coal by wet or dry-cleaning processes. ; 

The bright and dull bands in coal are often quite different in friability, which 
results in a corresponding degree of separation when the coals are screened. It is 
well known that the different screened sizes from certain coal seams vary considerably 
in analysis and suitability for industrial purposes. 


Classification of Coal from the Viewpoint of the Geologist 


By M. R. Campseti,* Wasuineton, D. C. 


(New York Meeting, February, 1928) 


You have just heard several papers on the classification of coal as this 
subject appears to the chemist; I shall approach it from the point of 
view of the geologist who, perforce, has to deal with coal as it occurs 
in the ground and with the miner of coal who knows certain phases 
of the physical characteristics of coal better than the scientist can 
possibly know them. 

The chemist is familiar with coal as it reaches him in the laboratory, 
but he seldom has an opportunity to see it in its native condition and 
to study its physical characteristics and its behavior under varying 
conditions of weather, transportation and use. He naturally regards 
the chemical composition of coal as the all-important feature upon 
which to base a system of classification and he is sometimes inclined 
to ignore as unscientific any scheme of classification that is based on 
characteristics other than chemical. The geologist, on the other hand, 
although he is glad to use the data furnished by the chemist, must depend 
largely upon the differences that he can see and feel. 


CLASSIFICATION UNDERSTANDABLE TO THE LAYMAN 


In the very comprehensive program of examination of the coal 
fields of the West which the U. 8. Geological Survey undertook in 1906, 
it fell to my lot, as the responsible head of the work, to classify the 
coals in advance of much knowledge of their chemical composition and 
in regions where mining had not begun. In this work I was forced to 
devise some sort of classification that would work practically and that 
would be understandable to the layman in the field. Much of the 
classification was based on the work of those who had gone before me, 
but in the low rank coals of the West the field was unoccupied and I 
was forced to devise a scheme embracing both chemical and physical 
characteristics. This scheme has stood the test of actual practical 
application for several years but it needs revision and the sharpening of 
the limits between the different ranks. I feel that my experience war- 
rants my saying that physical characteristics must be considered and I 
have faith to believe that some scheme embodying both can be devised. 


* Geologist, U. S. Geological Survey. 
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__In making the statements given above I do not wish to be understood 


_as decrying the value of chemical work, but I question whether any 


classification based entirely on chemical composition will be satisfactory. 
We do not want a rule-of-thumb classification or one that depends on 


the arbitrary decision of any person, board or commission; a system to 


be lasting and secure must have a scientific basis, but does that mean 
that it must be entirely based on the chemical composition of the coal? 
Science is not limited to any particular kind of knowledge; it embraces 
all kinds, and a system based on physical characteristics may be just as 
truly scientific as one that is based on chemical composition. 

If the classification of coal were intended solely for the use of the 
scientist, then there would be no objection to the use of a complicated 
system for it is generally supposed that scientists dote on long and com- 
plicated formulas and that their greatest delight is to devise something 
that is wholly unintelligible to the average person. A classification of 
coal to be successful must be as simple as possible so that it may be 
understood readily by a person of ordinary intelligence. 

I can best illustrate this by an actual case. I am now engaged in 
preparing a geological report of an important coal field in northwestern 
Colorado. This when completed will be published by the Geological 
Survey and will have a world-wide circulation. In this field I have to 
deal with two ranks of coal, which although very different in their extreme 
development, merge by imperceptible gradation of one into the other. 
I must classify these two kinds of coals differently, but how can I make 
it plain to the operators of the field that I have a rational basis for 
my separation. The one whose coal falls into the lower rank will natu- 
rally feel that he has been unjustly treated and he will and should call 
on me for an explanation. How shall I proceed to convince him that 
my decision is just and has a solid foundation on fact? Suppose I show 
him Parr’s or Seyler’s charts as my evidence for assigning the coals tc 
different ranks; what would be his reaction? I think you can readily 
imagine what it would be and that it would not be complimentary to 
me. I must confess that were I in his place and with his limited under- 
standing of the chemical properties of coal, I should feel much as he does. 


CONCLUSION 


In conclusion, I would urge that any scheme of classification of 
coal to be successful must be simple enough for the average layman to 
understand and apply, because, if it is not easily understood and applied 
the mine operators and coal dealers will oppose its adoption and no 
system however exact and scientifically correct will work unless it finally 
meets with the approval of the men who are engaged in producing as 
well as those who are consuming the output of the mines. 
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I would also urge that no arbitrary scheme oa subdivi or of © 
grouping of the different varieties of coal will be successful unless: it eet, 
follows some natural order; and decidedly the most important natural 
order is the progressive change that takes place after the vegetal material 
has accumulated in the swamp in which it once grew. The subsequent , 
changes are caused by the weight of the superincumbent rocks that were 
deposited on the vegetal mass, the pressures exerted within the crust — 


of the earth which result in the formation of rock folds or in the over- “Ae 


thrusting of great masses of strata for distances that in some cases are 
measured by miles, and the interior heat of the earth’s crust together with 
the heat that may have been generated by the thrusts spoken of above. — 
These processes and conditions will sooner or later affect every bed of coal, 
changing it gradually into higher and higher forms until, in extreme cases, 
it reaches the stage of anthracite or even that of graphite, or the diamond. 

The advantage of such a system as a basis for the classification 
of coals is that each group or rank is related to the group below from 
which it developed and to the one above to which it will be changed on 
further metamorphism. All ranks are interrelated and part of a con- 
tinuous chain in which there is no break. 


DISCUSSION 


W. Francis, Washington, D. C.—Mr. Campbell’s remarks endorsed my own 
when I said that the geological conditions must be considered in any classification. 
I have had experience in America with some of the coals in the West which Mr. 
Campbell describes. I certainly do think there is a radical difference between those 
earlier coals and some of the coals which come from the West. 

Mr. Campbell talked about pressure and how it was applied and when it was 
applied. I believe that there is where the difference lies between old and new coals. 
Consider the formation of coal from wood. First of all, there is what we call a peaty 
fermentation, namely, the action of the bacteria which decompose the woody material. 
In many cases—in peat, for instance—one is able to recognize the products of decom- 
position of the wood, which appear as the humus of the botanist. The question is, 
is that humus always altered in the same way during the second stage when a gradual 
transition occurs in the material, and it is transformed from peat through various 
stages finally to anthracite due to the influence of time and temperature? 

Also, suppose that the peaty fermentation has not reached completion before a 
rise of temperature, due to earth movements, occurred. The mixture of partly 
decayed wood and decomposition products is subjected to a progressive carbonization. 
Is the extent of carbonization going to be the same and is the final product going to 
be the same as when the whole of the wood became “humus” before those temperature 
changes? I believe that there lies one difference between coals of different ages. 

I examined some coals from the West by the methods used in the U. 8. Geological 
Survey classification and found their fuel ratios. Coals from the Price field in Utah 
contained a high resin content, which increased the volatile content and gave a fuel 
ratio of 1.1. But those coals are radically different in properties from the coals from 
the Pittsburgh seam of the same fuel ratio—there is no doubt of that. This is a 
point which needs emphasis. The proximate analysis is a less reliable guide to the 
properties of coal than is its ultimate analysis. 
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Classification of Coal from the Viewpoint of the 
Paleobotanist* 


By ReimnnARpDT THIESSEN,{ PitrspurGH, Pa. 


(New York Meeting, February, 1928) 


Tue question whether the kind, rank and grade of coal is in any 
way determined by the kind or type of plant from which it originated 
has been a problem since coal was first studied. Some investigators 
claim that the kind of plants has contributed none of the attributes. 
that characterize the differences found in the various coals; others claim 
that all differences are caused by the contributing plant; and others 
hold that only a few characteristics are inherited from the kind of plant 
from which the coal originated. Most coalologists, however, give this 
matter no thought. 

It can easily be shown that the kind of plant which contributed to 
a coal had a marked influence on its kind and-type. A number of 
factors enter into this problem, and all unrelated ones must be carefully 
eliminated, including metamorphism caused by the pressure of the cover, 
earth movements, mountain building and higher temperature. Only 
the fundamental substance—the plants out of which coal was formed— 
and the causative conditions that gave rise to a peat swamp and the 
conditions imposed upon the plant and the plant substances during the 
formation of the peat swamp can be considered. Everything else being 
equal, the question then is, how far do different classes and types of 
coal owe their differences to different kinds or types of plants? 


GxoLocic AGE OF COAL 


Coal has been laid down in almost every geological period since the 
Devonian era. Even as early as the middle Devonian some coal was 
formed; although of no value it has great scientific significance. The 
most valuable coal was deposited during the Carboniferous. The 
coals of England were formed during the Mississippian, and most of 
the valuable coals of America, Europe and China during the Mississippian 
and chiefly the Pennsylvanian. From the Permian come the coals of 
France, Saxony, Thuringia and Schwarzwald in Germany and of Bohemia 
and of the Ural districts of Russia. From the Mesozoic come the coals 


* Published by permission of the Director, U. $8. Bureau of Mines. 
+ Research Chemist and Microscopist, Pittsburgh Experiment Station. 
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workable quantities in Hungary, pee ‘futon renee rer 
India, China, Japan, Australia and New Zealand. The Cretaceous was 
the second most important coal-forming era. The lower Cretaceous 
contains coals locally in British Columbia and in Alaska. ‘The largest sy 
quantities of coal in western North America are in the Upper Creta- 
ceous. The Cenozoic, particularly the Tertiary, gave rise to vast ms 
deposits of coal in America and Europe. From the Eocene of the 
Tertiary come the coals of the Rocky Mountain states, of Washington — 
and Oregon, and of south Texas, Louisiana and Arkansas; and brown = 
coals of the Halle and the Weissenfels-Zeitz-Altenburger districts of 
Germany. The well-known pechkohle of Bavaria are in the Oligocene. _ 
In Austria a number of important beds, like the Grazer Bucht, are 
in the Oligocene. All deposits from the last period of the Quarternary 
on to the present are considered as peats. 
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CHARACTERISTIC PLANT GROWTH 


Carboniferous Period 


This long geologic record from the Middle Devonian to the present 
day represents millions of years, and during these ages many different 
kinds and varieties of coals have been laid‘down. This period has 
seen the birth of many orders, families, genera and species of plants, 
in fact, all of the species of plants of today. At the opening of this 
period the Middle Devonian records but relatively few kinds. The 
kinds of plants that prevailed during Carboniferous times also belonged. 
to families totally different from those of today—families now wholly 
extinct or represented only by dwarfed woody plants, the Lycopodia 
and small reedlike plants, the horsetails. The representative plants 
were the calamites, that attained a height of 60 to 100 ft. and more and 
were 1 to 2 ft. in diameter, with tall slender stems, and many small 
leaflike branches in whorls. The wood of these stems was a mere cylin- 
drical shell, at the most but a few inches thick, consisting of narrow wedges 
or sections like the staves in a barrel separated from each other by paren- 
chymatous rays. This woody shell was lined with a layer of pith and 
surrounded by a layer of pithlike cortex, which in turn was surrounded 
by a shell of lignified thick-walled cells. These plants were neither 
resin-bearing nor waxy, but they bore a prodigious,number of spores. 

Other characteristic plants were the Lepidodendrons, also repre- 
sented by tall trees, some more than 100 ft. in height and 6 ft. in diameter. 
Some were dihbraneMed and ended in a bunch of yard-long leaves arranged 
in vertical rows; others had tall stems topped with a much-branched 
crown, bearing numerous slender leaves. All bore large cones filled 
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_ with enormous numbers of spores, both microspores and megaspores. 
Although the stems also contained a large pith, they had, a more com- 
- pact cylinder of wood and a thick lignified cortex. 

The sphenophylls represented another important int These had 
slender ribbed stems, seldom more than 14 in. in diameter, which bore 
delicate wedge-shaped leaves in whorls; in some members of the group 
: the leaves were deeply cut and hei, indicating a swamp life. Some 
a species must have trailed on other plants; others were little more than 

herbs, undoubtedly representing the underbrush of the time. 

The most highly developed plants of the Carboniferous were the Cor- 
daitales, distantly related to the modern conifers, and with stems and 
; wood closely resembling them. They were tall, slender trees, some more 
than 100 ft. high, topped with branched crowns, bearing large, lanceo- 

late, leathery leaves. 

Finally, there was a group of gymnosperms, both fernlike and cycad- 
like, the Cycadophytes. They were related to the cycads and similarly 
organized, but bore leaves resembling those of ferns much more than 
of cycads. They were seed and pollen-bearing. 


Permian Period 


The Permian was a period of transition marked with adaptations 
and eliminations. The Lepidodendron disappeared and the Sigillaria 
became rare. The Calamites were greatly reduced, and true Equiseta 
or horsetails appeared in their place. All of the Sphenophylla of the 
previous period had disappeared and totally new species had appeared. 
“Most of the Cycadophytes had also disappeared, but some new species 
had appeared. The Cordaites held on in reduced numbers, but new 
forms of conifers, the Ginkgos, had appeared. Two entirely new types 
of conifers appeared, the Walchia (resembling the Araucarions and 
probably their ancestors) and the Volzia (the forerunner of the Sequoias 
and the bald cypresses). 


Triassic Period 


The Triassic period showed a remarkable change. It had become 
distinctly the age of the gymnosperms, the central stage now being 
held by the cycadlike Bennettitales. The Ginkgos were well represented, 
Volzia and Walchia had increased in numbers, but all of the gymnosperms 
were dwarfish. The Cycadophytes were almost gone, and the Sigil- 
larias were represented only by lingering species. The Calamites had 
entirely given way to true Equisetales, small as compared to the ancient 
forms, but giants as compared with the living. True ferns now had 
become abundant, predominantly as tree ferns. The forest appears to 
have consisted of tree ferns, cycads and primitive conifers. 


Jurassic Period fhe FRE, 


The Jurassic was still the age of gymnosperms. The Bennettitales ae 


were in their prime, and cycads had attained high eminence. The 
Ginkgos also played an important role. True, conifers had slightly 


modernized, but were not radically changed. They now embrace yews, — oy 


cypresses, cedars and pines, all ancestral forms. The giant horsetails 
were still prominent, modern Lycopods were still present, and ferns had _ 
become abundant; all of these probably formed the underbrush. 


Lower Cretaceous Period 


In Europe the J urassic flora continued well into the Lower Cretaceous; 
but in America great changes had occurred when these times had arrived. 
Here angiosperms, both dicotyledons and monocotyledons, had made 
their appearance. They were all of primitive types, yet all bore definite 
resemblance to species living today. Genera familiar today, although 
the species were not modern, were sassafras, laurel, myrica, fig, aralia, oak 
and eucalyptus. ‘The cycads had dropped to an insignificant place, and 
the ferns and conifers, while Dot reduced, were now subordinate to 
the angiosperms. 


Upper Cretaceous Period 


During the Upper Cretaceous the whole landscape had attained a 
modern aspect. More than 90 per cent. of the plants were of the kinds 
known today. Monocotyledons had assumed greater importance, and 
grasses had appeared. The Sequoias, cypresses, red cedars, white 
cedars, pines and firs had attained modern characteristics. 


Tertiary Period 


At the opening of the Tertiary the vegetation had assumed an appear- 
ance very much like that of today. The grasses that had originated in 
the Upper Cretaceous had developed rapidly and now gave all the vegeta- 
tion a modern aspect. It is doubtful that Tertiary flora, if reconstructed, 
could be distinguished from the flora of today. 

This brief sketch endeavored to show how species after species, genus 
after genus, and family after family appeared upon the scene, rose to its 
height, and then disappeared or sank into the background to give way to 
new species, new genera, and new families, so that at the present stage 
of geologic history the plants are wholly different from what they were 
at the beginning of this resume. It began with a relatively few simple 
groups, passed through flora of increasing complexities, and now reaches 
flora of the greatest complexity. 
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Mosses and Similar Plants 


So far the vascular plants, those including and above the ferns, 
alone have been taken into consideration; nothing has been said of plant 
genera below the ferns—the mosses, liverworts, lichens, algae, fungi and 
bacteria. Geologic history tells nothing or very little about them; 
only a few meager records have been left. We can not, however, assume 
that all were not represented during the entire coal-forming period. 
They must have taken some part in the accumulation of coal, and by 
analogy good proof is at hand to show that they always flourished. 
Without fungi and bacteria we know that the biologic world could 
not exist. 

The Sphagnum mosses are today recognized as important peat 
builders. Remains of true mosses are always more or less present in 
} peat. Lichens, liverworts and fungi are always present where moisture 
prevails and generally form part of peat bog flora, although little of 
them is recognized in peat itself. Fungi and bacteria are the peat-form- 
ing organisms—that is, the transformers of plant substances into peat— 
and so must have been present at all times, although rarely recognized. 
Their bodies themselves must have added an appreciable amount to the 
humins, the chief components of coal. 
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Errect or Diverse Puants on DIVERSE COALS 


The vital question now is whether the various kinds of plants that 
followed each other during the geologic periods, or the various plant 
societies that lived at one time in different localities, were diversified 
enough in structure or chemical composition to bring about or determine 
diverse kinds of coal. That they were diversified enough in structure and 
chemical composition can be shown. In this connection some thought 
must be given to the chemical composition of plants in relation to decay. 


Decay of Plants 


Plants Easily Decomposed.—Not all plants, plant parts, or plant 
products decompose with equal ease. Some plant products, particularly 
those that take part in living functions or form foods such as sugar, 
starch, protein and certain fats, decompose very easily through the agency 
of fungi or of bacteria, or both. The components that form the skeleton 
or the body of plants vary greatly in this respect. The hexoses, xylans, 
pentosans and pectins decompose with relative ease. Wood is composed 
essentially of cellulose and lignin. Of these two, cellulose decomposes 
rather readily, but lignin is very resistant to decay and when deprived of 
oxygen hardly decomposes at all. Those plant products that take part 
in protective coverings and protect against heat, cold, sunshine, water, 


It is also well newn that certain kinds of plants as as 
much more vigorously than others. Algae, fungi egy 
and many mosses decompose and disintegrate very readily. 
plants, many grasses, and sedges, particularly those that ihe a ta 
habitats and are of spongy structure disintegrate easily. 3 
Resistance of Woods Containing Toxic Inclusions—Woods free from. 
toxic inclusions, such as bass, elm, beech, maple and ash, rot very quickly; 
those, however, impregnated with certain toxic substances, such as oa \ 
and walnut, are much more resistant. Many coniferous woods are +3 
notably resistant because of their high resin content. Monocotyledons _ + 
as a whole are less resistant than dicotyledons, and the latter less so 
than conifers. Loosely organized tissues like pith, cortex parenchyma-_ a 
tous tissues, leaf tissues, and most barks disorganize and disintegrate _ 
readily. On the other hand, birch bark impregnated with toxic resinous 
matter is very resistant. Some plants, such as the myrtle; are covered . 
by a layer of wax, or their tissues are filled with waxy substances which 
remain after the tissues have disintegrated. 


{ 
Composition of Peat Bogs 


Mosses.—Among the lower forms of plant life there is also a great . 
difference in the resistance of the plants as a whole and of certain products 
of the plants. Mosses are known to be peat builders. The Sphagnum . 
mosses in particular are well known to have built up the well-known high ~ 
moors. The flora of the Irish peat bogs contain large amounts of mosses, 
and microscopic examination of any peat formed from flora in which 
mosses were present brings to light whole moss plants in good preserva- 
tion, as well as fragments and macerated parts; in fact, they often con- 
stitute an important part of the total mass. Liverworts of a number of 
species are common in many peat bogs, but their remains have not been 
detected in the peat of whose flora they formed a part. Yet certain 
remains must surely form part of the attritus. 

Lichens —Lichens, too, always occur .in swamps, particularly in 
wooded swamps; yet their remains are not found in the deposit derived 
from a flora in which they were a part. Liverworts as well as lichens 
appear to be subject to decay and disintegrate easily. 

Fungi.—Fungi are also important flora in all peat bogs. Fungi, 
in fact, are the first and the chief instruments of decay. Their hyphae 
pervade every dead plant as long as it is not submerged, and dead.trees 
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and Raow: are often literally covered with the fruiting organisms of fungi 


whose vegetative hyphae permeate the log or tree itself. But of the 


_ fruiting bodies nothing is found in the peat to which they must have 


been adding something of their decomposition products. Of the hyphae 


of fungi also relatively very little remains; although the burrows of the 


hyphae are observed everywhere in a piece of wood rotted in the air, 
very little of the hyphae themselves has remained. The spores of fungi 
are frequent occurrences, though on the whole they form a very small 
part of the bulk of plant remains. Fungi as a whole are readily attacked 


_ by bacteria. 


Algae.—Wherever pools of water are maintained for any length 
of time they are the abode of a number of species of green and blue- 
green algae. Moreover, a number of different algae abound on logs or 
tree trunks as long as moisture is sustained, but microscopic examination 
of a peat resulting from flora in which algae abounded reveals relatively 
very small amounts of algal matter. This fact is easily explained: 
In the first place, the algal bodies are readily attacked by bacteria; 
and second, algae consist of only a small part of solid matter, only a 
fraction of 1 per cent., the remainder being water. 

There are, however, certain, algae that have been shown to be impor- 


tant coal formers. These are oil-algae, whose cell walls consist of a 


hydrocarbon or contain a very large proportion of oil. They have many 
characteristics of the blue-greens and have been found in the salt lagoons 
of South Australia and neighboring islands, where they give rise to 
coorongite, a rubberlike material high in oil. They have also been 
reported from Russia, Lake Bakal, China and Mexico. Coorongite is 
the peat stage of the boghead coals which are derived from organisms 
that resemble these oil algae very closely. 

It may easily be seen how the kinds and types of plants or their 
products, as well as their variability and the ease with which they 
decay, determine the nature of their remains in an accumulation of 
peat. Because they resist decay and disintegration many substances 
accumulate faster than others, though often originally present in much 
smaller amounts. 


REMAINS OF WooD THE SOURCE OF COAL 


That the humic substances are the chief coal builders has now been 
definitely established. It has also been well proved that lignin is the 
main source of humin. As already noted, wood consists chiefly of lignin, 
cellulose, some pentosan, and xylan. All but the lignin decompose 
almost completely on rotting; the lignin also is changed in some way 
into a substance of unknown chemical composition known as humin. 
The larger part of most peats consists therefore of humin; with this are . 


always er other more or midst denclant giant ; t 
Under certain extreme conditions, the humin also decomp: 
nothing but the most resistant plant products are left. As a rule 
are the waxes, higher fats, oils and resins and may together be consi 
diluents of the humin. The relative amounts of each of these resistant 
substances may vary greatly and thus determine the nature of the a 
diluent. Then again, the relative amounts of humins and resistant —_ 
remains may vary in any proportion and determine the nature of the _ : 
deposit as a whole. Bit S si 


End Products of Decomposition 


The end products may be a woody coal or bright coal, an attrital 
coal, or mixture of the two, a banded coal; or the attritus may consist 
largely of opaque matter and there is a layer of durain; or the whole 
coal may consist of an attritus largely humic and the coal is pseudocannel, 
or the coal may consist largely of spores, cuticles and other resistant i 
matter, and the coal is cannel; and finally, in certain exceptional cases, the 
main mass may have been derived from oil algae and the coal is boghead. 

So far it has been shown only theoretically that the flora of the bog 
determined to a large extent the kind of coal formed—in other words, 
that the kind of plants predominant in the bog, together with the condi- 
tions imposed upon them, gave rise to a characteristic coal. Thisfact 
can be shown from natural conditions after observations in the field 
by brief examples of the formation of different types of peat in existence 
today and by following the coals formed backward through the different. 
periods of geologic history. 


ForRMATION OF PEAT 


Peat is either formed in undrained depressions or large, flat, undrained 
areas where constant moisture is assured by collection of the annual rain- 
fall. Open-water bogs, marshes, low moors and wooded swamps are the 
result; or peat may be formed on higher ground, even on hills and moun- 
tain sides, in moist, cool altitudes where constant dampness is assured by 
frequent precipitations—these conditions result in the high moor. 

The open-water bog is the habitat of a number of aquatic plants, 
such as algae, elodea, potamogeton, hippurus and water lilies. Into 
this area are constantly blown and there accumulate the pollens and 
spores from the flora of the surrounding higher levels. As a rule, aquatic 
plants have a spongy, loose structure and decompose easily. Circum- 
stances favor thorough decomposition and maceration, so that only 
the most resistant substances remain to form a fine muck, consisting 
chiefly of spores, pollens and cuticles and a little humic matter. This 
is the peat stage of cannel coals. 
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Plants in Swamps 


The marsh gives rise to greatly varying attrital substances, according 
to the kind of plant societies it fosters. The deposit is largely humic and 
may contain fragments of wood. Different types may be noted: 

1. The characteristic plants may include rushes, water lilies and iris, 
with the rushes predominating. The resultant peat is a finely macerated 
muck—the rush peat. 

2. If the characteristic plants include arrowroot, marsh trefoil and 
water lilies, with the arrowroot predominating, a similar muck, yet 


_widely differing in nature, is formed—the caladium peat. 


3. The flora may consist chiefly of reeds (Phragmites) and he 


' grasses, so that a fibrous peat—the reed peat—is formed. 


4. Sedges may predominate and give rise to the sedge peat. 
5. Conditions may permit birches and alders to take possession, 
resulting in a macerated peat—the birch-alder peat. 


Forested Swamps 


In the United States the wooded or forested swamp is of wide extent; 
the Dismal Swamp is a well-known example. There are large areas of 
these swamps in Minnesota, Wisconsin and Michigan. Again, a variety 
of types can be observed and named after the predominating tree in it. 
The most common is the cedar swamp, the white cedar or Thuya being 
the predominant tree. Others include the tamarack swamp, the black- 
ash swamp, the cypress swamp and the black-gum swamp. 

Peat formed from the wooded swamp is of particular interest, because 
it appears to be analogous to most of the bituminous coals and to many 
lignites and subbituminous coals. Each peat deposit that results from 
the different tree types has a distinct character. The greatest distinction 
is to be found in peat derived from angiosperms (the ordinary leafy 
trees) and that from conifers. The former, being an easy prey to decom- 
position, form well-macerated humic peat; the latter, having a toxic 
resinous content, are more or less resistant to decay and form a woody 
peat, that contains well-preserved tree trunks and their fragments. 


Moors 


Low moors are peculiar to certain European countries. They will 
not be discussed here, but they are similar to the American marsh types. 
Some German brown coals of the Miocene and the Hocene are said to be 
derived largely from flora originating in this habitat. 

The high moors are peculiar to cool, damp countries like Ireland, 
England, Norway ‘and Sweden, where the air is almost always cool and 
moisture-laden. Heather and mosses, with some herbaceous plants and a 


tly 
As eae ete te in the Aner ene of South A 
near-by islands flourishes an oil-alga, a colonial unicellular 
probably akin to the blue-green algae. The cell wall of this org 


composed almost entirely of an oily substance. Coorongite is formed re 


from these organisms. 


a 


Effect of Climatic and Geologic Conditions on Peat 


hie 
Peat deposits rarely consist of one kind of peat alone, as the vegetation — + 


varies with climatic as well as the geologic conditions, which may have © 


changed from time to time, each condition leading to specifie flora anda < 


characteristic type of peat. In the Swedish peat studies an exact 
chronology has been obtained for the past 12,000 years from which good 


records of the flora and resultant peats have been obtained. The state sid 


of preservation of the plant material also depends upon various factors, 
such as period of exposure, climatic conditions, position, etc., so that the 
same kind of flora does not always produce the same type of peat. 

It has been adequately shown that each type of peat and each 
recognized layer of a peat bed yields specific chemical results as to the 
amount of free humic acids, humates, lignin, cellulose, soluble matter 
and insoluble residues. It is therefore evident that recent peat 
deposits were definitely characterized by the kinds of plants that pre- 
dominated in their formation, and these principles apply to all deposits 
of past times. In applying these principles it must be remembered that 
the flora of today is the most complex of all ages, and that as the geologic 
scale is descended the flora becomes less and less complex and deals with 
fewer and fewer species and families. 


ms 


Brown Coats 


In going down the geologic scale, skipping the interglacial peats, the 
brown coals of Germany and Austria may be considered. There are 
several distinct types, according to origin—the earthy brown coals, 
probably formed in the low moors; the ordinary brown coals, formed from 
angiosperms and wooded swamps; and the woody brown coals, derived 
from coniferous wooded swamps. Some are found in the Pliocene, others 
in the Miocene, and the more important ones in the Oligocene; but the 
most important deposits are in the Hocene, all of the Tertiary. The 
angiosperms predominated during Tertiary times, and recently it has 
been shown that they also predominated in most of the Tertiary coal- 
forming swamps and that the conifers were present only in subordinate 
numbers. It had been supposed that conifers were the chief contributors 
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_ because the identifiable woody remains were invariably those of conifers, 


characteristically of Sequoias and Taxodia. Recent investigations have 


_ shown that whereas conifers furnished almost all of the identifiable 


woody remains, they supplied but a small part of the total mass. The 


_ larger part consists of a finely macerated attritus derived chiefly from 


angiosperms whose remains in considerable numbers have been found. 
Palms appear to have been prominent. The angiosperms yielded readily 
to decay and disintegration, leaving little more than an amorphous 
muck or attritus; the conifers, on the other hand, wherever present, 
resisted decay and maceration to a far greater extent, due to their toxic 
resinous contents, and left a large proportion of better-preserved woody 
material. In other fields, as in the Volpriesen, the conifers actually did 
predominate, and the result was a woody coal or lignite, in the sense of 
the German investigators. Evidence is accumulating to show that differ- 
ent types of brown coals owe their characteristic nature to specific 
groups or types of plants. 


Wax in Brown Coal 


Many of the German brown coals, particularly those of the Weissen- 
fels-Zeitz-Altenburger districts, are highly bituminous and are highly 
valued for their montan-wax extraction. The bituminous content 
varies from field to field and from place to place in the same field, ranging 
from 5 or 6 to 70 per cent. or more. If the content is less than about 7 
per cent. the coal is termed simply “‘feuerkohle,” if above that and under 
50 per cent. it is termed ‘“‘schwelkohle,” and if over 50 per cent. it is 
termed ‘‘pyropissit.” The last is now becoming very rare. The 
bituminous matter in these coals is derived from the higher fats, fatty 
acids and waxes, rather than from the resins which constitute but a 
small fraction. 

A lignite from Volpriesen is composed largely of coniferous woody 
matter of the cupressinoxylon type. This coal contains 44.5 per cent. of 
ether-soluble and about 5 per cent. of ether-insoluble resinous matter. 


LIGNITES 


Turning now to the lignites of the Tertiary of America, it is found 
again that the types of certain coals were determined by the types of 
plants from which they arose. Only a few cases will be noted. 


Texas 


The lignites of Eocene times, from Hoyt and Rockdale, Tex., are 
amorphous coals, with a few anthraxylon or woody inclusions derived 
from conifers.. The flora in the main comprised angiosperms. The 
flora giving rise to the coals of the Camden field was amenable to a still 
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higher degree of maceration, giving rise pate an amol 
a cannel coal. A large proportion of this coal consists of 
pollens and resinous particles, cuticles and other waxy remains. 
lignite from Lester, Ark., is a good example of this type. These o 
are similar in composition to the German brown coals but are fart ex 


advanced in the coalification process. ’ ro. “ igh 


North Dakota 


Lignites from the Fort Union bed of North Dakota and Montana, — 
as at Lehigh, Wilton and Glendive, are on the whole largely composed of 
woody remains derived entirely from conifers. Approximately 75 to 
85 per cent. of the mass consists of such woody inclusions. The relatively 
small amount of attritus reveals but little evidence of angiosper- 
mous plants. 


CoaLs FROM CONIFEROUS AND ANGIOSPERMOUS FLORA 


A fair number of coals from the Cretaceous have been examined with 
similar results. It is very easy to distinguish coals derived from conifer- : 
ous flora from those from angiospermous flora. The former are always 
woody, whereas the latter are always more or less amorphous. A num- 
ber of types may be distinguished among the amorphous coals. Micro- 
scopic differences are sometimes very marked. The two well-known coals 
from Sunnyside, Utah, and from Gebo, Wyo., are good examples showing 
remarkable difference in character and appearance. The Sunnyside coal 
contains large proportions of attrital matter of granular nature, with 
large proportions of resinous particles ranging from microscopic sizes to 
nut sizes, with some inclusions of anthraxylon, among which coniferous 
remains are rare. The Gebo coal consists of highly macerated humic 
matter with relatively few woody inclusions. This coal appears to have 
originated in a wooded swamp, with trees other than conifers. 

A series of coals may be enumerated, with almost all woody matter on 
the one end to all attrital on the other, but this would merely be an 
uninteresting catalog of phenomena already described. 

During Carboniferous times there were far fewer species, families 
and orders of plants to give rise to coal, and one should expect fewer 
varieties of coals because of the differencesin plants from which they arose. 
Because the plants as a whole differed widely from those of Cretaceous 
and Tertiary times coals of a different nature are to be expected; this 
expectation is confirmed. 


PALEOBOTANY OF CARBONIFEROUS COAL 


Some excellent work has been left by investigators in the field of the 
Carboniferous coals. In the time of Lesquereux, Fayol, Grand ’Eury, 
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Goeppert, Dawson, Orton and Rogers much time and thought were 


devoted to the paleobotany of coal, and it is mainly from the findings of | 


these men that the paleobotany of the coal fields can be studied. Since 
that time such studies have been greatly neglected and even decried. 
Goeppert, Grand ’Eury and Fayol who, with Lesquereux, paid particular 
attention to the kind of plants composing coals, all concluded that a 
certain typical plant or plants entered into the formation of each coal. 


Coals were never formed from one plant alone, yet one or more plants 


predominated. Goeppert called some coals Araucarion coals, others 
Lepidodendron coals. Grand ’Eury called a coal from Rivi-de-Gier a 
Stigmaria coal, while a coal from near Saint-Chaumont and Chazotte is 
formed for the greatest part from Cordaites, which gave it specific char- 
acteristics; at Peron-Midi and at Gandillon the coal is composed of 
Cordaites and ferns. What in Grand ’Eury’s times were called ferns 
were in reality Cycadophytes. At some places near Saint-Etienne, 
Sigillaria make up most of the coal. Ettinghausen states that coals at 
Radnitz are formed chiefly from Sigillaria and Stigmaria, with Lepidoden- 
dron, Calamites and ferns as unimportant contributors. Geinitz called 
a coal at Plauen Calamites coal. Fayol learned to distinguish coals 
formed from Calamodendrons, Cordaites, or Cycadophytes as readily as 
he could distinguish a pile of beech wood from fir wood. Dawson and 
Lesquereux made similar statements concerning American coals, but fewer 
exact data are at hand on the kinds of plants that formed any coal. 


CHARACTERISTICS OF PITTSBURGH COAL 


Coal from the Pittsburgh bed has very specific characteristics that 
easily distinguish it from any other. What the predominating plant that 
formed this bed was has not been definitely determined. Microscopic 
examination shows that the spores in the coal, present in large quantities, 
are to a very large extent of one species. A number of different species of 
spores exist, but they form only a small part of the total spore matter, 
seeming to indicate that the flora consisted of one predominating type. 
Other constituents as seen in thin sections would indicate the same thing. 
Exactly the same statement can be made of the Lower Kittanning, the 
Middle Kittanning and the Brookville coals, as well as of other coals 
that have been studied microscopically. 


CANNEL CoALs 


Earlier investigators, such as Lesquereux, Dawson and Fayol, associ- 
ated Stigmaria and Lepidodendrons, particularly the former, with cannel 
coals. It may be possible that certain species of Lepidodendrons were 
adapted to aquatic habitats or conditions required for the formation of 
cannel coals. From microscopic examination it is known that the organic 
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matter in cannel coals consists chiefly of spores and some waxy, cuticular 
and resinous matter. The spores are of a different species, if not of a 
different type, from those found in the coals. 


BoGHEeAD CoALs 


Boghead coals stand in a class alone. In the writer’s mind there is 
now no doubt that these coals owe their existence to certain species 
of oil-algae. 


CoNCLUSION 


Enough evidence has been presented to show that the kinds of plants 
from which a coal originates have influenced its nature and character. 
For certain coals this influence may have been very slight and for others 
very marked; sometimes, moreover, the flora determined the nature of 
the coal very decidedly. It must always be taken into consideration 
that many factors have determined the nature, quality and rank of coal, 
and all not related must be excluded before the characteristics passed 
down by the kind of plants from which they originated can be weighed. 


SUMMARY 


1. That the kind of plants contributing to a coal had a marked influ- 
ence on the kind and type of coal produced is easily shown. Of the many 
factors involved in coal formation, only those directly related must be 
taken into consideration, and such factors as earth movement, tempera- 
ture and pressure must be eliminated. 

2. Coal has been laid down in every geologic age from the Devonian 
to the present. During this long period many different kinds, grades 
and ranks of coals were formed. Relatively few kinds of plants con- 
stituted the flora when this period began. Although the existing 
plants were already fairly highly developed the flora as a whole was 
simple. As time passed, more and more orders, families, genera and 
species appeared and older forms disappeared, until today there is a 
complex and totally different flora from that of the Devonian or even 
the Carboniferous period. The representative plants during the Car- 
boniferous were Calamites, Lepidodendrons, Sphenophylls, Cyecadophytes 
and Cordaites. The Permian marked a great transition period, so that 
in the Triassic great changes are noted. The Lepidodendrons had 
entirely disappeared, the Sigillaria were represented only by a few linger- 
ing species, and the Calamites had given way to true horsetails. The 
Cycadophytes had yielded to the Bennettitales, and Ginkgos had 
appeared, together with forerunners of modern conifers, Volzia and 
Walchia. In short, the age had become an age of gymnosperms. Ferns, 
mostly tree ferns, were also numerous. 
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3. The Jurassic remained to be the age of gymnosperms. Among 


these yews, cypresses, sequoias, cedars and pines were the characteristic 


trees. The giant horsetails were still numerous, Lycopods and ferns 
also flourished. The Jurassic, however, also saw the birth of the angio- 
sperms, and by the Lower Cretaceous they were well on their way. 
Familiar plants were sassafras, laurel, myrtle, fig, aralia, oak, eucalyptus 
and palm. The cycads had dropped to an insignificant place, and the 
conifers, while not reduced, were now subordinate to the angiosperms. 
4. During the Upper Cretaceous the whole landscape attained a 
modern aspect. About 90 per cent. of the plants were of the kinds 


known today. During the Tertiary the vegetation had assumed entirely 


modern aspects. The grasses that had appeared during the Upper 
Cretaceous now brought the whole flora up to that of today in appearance. 
5. No mention has been made of plants below the vascular plants— 


that is, the bacteria, fungi, algae, lichens, liverworts andmosses. Very 


few records have been left in the rocks; but we must assume that all 
were present during all these periods and must have made some con- 


tributions to coal. The mosses, at any rate, are today known to be 


good peat formers. 

6. Plants are much diversified in structure and chemical composition. 
In this relation, decay through bacteria and fungi is a very important 
factor. Not all plants, plant parts and plant products are decomposed 
with equal ease. Those plant products that serve as foods or take part 
in the living functions are decomposed easily. The components that 
form the skeleton of plants vary greatly in this respect. ‘The hexoses, 
pentosans, xylans and pectin decompose with relative ease. Cellulose, 
which with lignin is the basic part of wood, also is decomposed quite 
easily; lignin on the other hand, is very resistant, and when deprived 
of oxygen hardly rots at all. Plant tissues, such as cuticles, spore 
walls and pollen walls, that form part of the protective covering against 
weather and chemical reactions, are the most resistant plant parts 
known. Certain waxes, fats, oils, fatty acids, alcohols and resins form 
such tissues. Also, most waste products, including resins, terpenes 
and resenes, are not directly attacked by fungi or bacteria. It is also 
well known that certain plants as a whole are much more resistant to 
decay than others. Most algae, fungi, lichens and liverworts decompose 
and disintegrate-easily. Herbaceous plants decompose more easily than 
woody plants, aquatic plants more easily than land plants; angiosperms 
more easily than conifers. Woods like the oak and walnut, containing 
toxic substances, are more resistant than woods without them, like bass 
wood, beech and maple. Particularly resistant are those conifers rich 
in resins, such as pine, balsam, cypress and cedar. 

7. Among the lower plant forms it is notable that algae, fungi, 
many mosses and liverworts are easily. decomposed and disintegrated. 


‘Some mosses, however, are wee peat builders, pertcua rl 
num mosses. 

8. There are certain forms of algae whose cell raat are comp aa 
largely of an oil or fat which are very resistant to decay and form the haf 
so-called coorongite, the peat stage of boghead coal. 

9. Because many substances resist decay they accumulate faster than 
others, although originally present in much smaller amounts. _ - 

10. Lignin is the chief source of humin. Wood, as already er ; 
consists chiefly of cellulose and lignin. The cellulose decomposes nat oy: 
disappears and the lignin remains and in some way is changed into an On a 
- unknown substance called humin. Ordinarily, humins form the larger 
part of peat. At times the humins also largely decompose and leave _ 
the most resistant plant products, such as spores, cuticles, pollens, w Waxes, — 
higher fat, and resins. 

11. Thasnetieally) therefore, the flora determines the vei of the. 
resultant deposits. This fact can be shown from natural conditions 
in the field. . 

12. Peat is classified according to the flora from which derived. . 
The open water bog gives rise to sapropel—the peat stage of cannel 
coal. The marsh gives rise to amorphous and fibrous peats: (a) the | 
rush peat; (b) the caladium peat; (c) the reed peat, or (d) the sedge peat. 

The forested peat gives rise to the humic and woody peats: (a) when 
the flora is composed of angiosperms it is an amorphous humic peat; 
(b) when it is coniferous the peat is very woody. 

The peats of Ireland and England were formed under entirely differ- 
ent conditions—for instance, in highlands with a cool and very wet 
climate—and differ vastly from our peats. 

13. Among the Tertiary brown coals nearly all classes analogous 
to the low-moor or marsh peats and the forested swamp peats occur. 

The majority of the European brown coals are derived from angio- 
sperms; conifers were subordinate. 

Similar observations have been made of the American lignites of 
Cretaceous as well as of Tertiary times. 

The older investigators have made similar observations of the Pale- 
ozoic bituminous coals and have called certain coals ‘‘Calamite coals,” 
“‘Lepidodendron coals,” and ‘‘Cordaite coals.” 
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DISCUSSION 


M. R. Campsett, Washington, D. C.—I gather from this paper that I was 
somewhat misinformed about the rapidity of decay of the cellulose of wood. My 
general impression, although I cannot pose as an expert on the subject, is that in 


any, and which has ery. aci 


position takes place? Is it soluble and is it carried off by water? 


and decay of the cellulose is arrested. | Of course, 
it may not be covered by water at all times. _ Cypress. ZS 
Dismal Swamp at a depth of 12 or 14 ft., therefore it seems to me 
be going to pieces very rapidly, expeckiiis in view of the fact thi t we 
lignite eae of the West logs in almost their original condition. — 


none ground and the other is covered up, chiefly by water. "The 2 greatest oS ‘ts 
in the transformation of the plants occurs while the plant is still in the air. _ Here the 
fungi are the agents that do most of the work. 
It has been found from experimentation that within three years most of the 
cellulose of wood in the air under moist conditions has disappeared. a 


E. W. Parker, Philadelphia, Pa.—What takes its place and what kind of devon . 


R, Tuiessen.—Yes, fungi attack the cellulose first. The cellulose is completely 
decomposed into water and carbon dioxide and disappears, as far as is known now, 
almost completely. In experimentation after three years there was only relatively a 
very small amount of the cellulose left, but we all know that the dead plants ordinarily 
in the peat bog are exposed to such conditions a good deal longer than three years. 

The lignin which largely remains is transformed into a compound or a substance 
of unknown composition, generally called humin or humus. A number of organic 
chemists are now working on its composition. In the first place, we do not yet know 
what lignin is, and humus, being derived largely from lignin, is also unknown. 

We find, however, that there is always some cellulose left. In any bog, for 
example, we find trees growing, whose roots, for instance, are covered up. We also 
see some trees fallen over and covered up with peat, but still growing. We also 
know that fungi can not work under water; they must have air in order to exist. 
So we are quite sure that lignin and cellulose are still intact in some of the trees ‘i 
that are covered up. Here is a problem—we do not know what is becoming of that 
cellulose. We know, however, that decomposition by means of bacteria is being 
carried on while the substance is being covered up by the debris and water and at 
great depths. Some chemists claim that the cellulose of such wood adds to the 
humin as well as the lignin; others claim that it does not. 

There is something else to take into consideration: Trees like the elm, black 
ash and spruce have no resinous substance and decompose almost completely on 
the surface. Trees like the cedars, bald cypress, and certain other conifers are 
full of resins which form preservative substances of the wood. The wood in those ey 
trees is not decomposed easily, and the cellulose remains a long time. Those are 
the trees of which we find the wood intact in the brown coals and lignites. Yet in a 
number of trees the cellulose has disappeared completely. What has become of 
that cellulose is a problem. 

Some years ago I published various articles about the activity of bacteria in 

peat bogs and denials have come from all over the world, saying that it could not 
be possible for bacteria to work at such depths, particularly under those acid con- 
ditions. Last fall (1927) I had an opportunity to go back to Wisconsin and check 
my previous work. Inoculations were made in the peat bogs to a depth of 29 ft. 
We also carried about a ton of peat with us to Pittsburgh where the work is being 
continued in the laboratory. About 50 inoculations from various depths were made 
in the field and there is not one that did not take. So I find that my assertions 
made several years ago hold good, and I can prove their correctness. 
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Various experiments are being carried out to study the behavior of these bacteria. 
We find that temperature and nitrogen supply are important factors. Every peat 
sample yet collected when enclosed in a proper receptacle as it came from the deposit 


. has revealed some bacterial activity. When such-a sample of peat taken from a 


certain depth showing but a slow action—as shown by the gases produced—is supplied 


_ with a proper mineral culture solution in which nitrogen is available, an active 


evolution of gas takes place within 48 hr. . There is therefore no doubt that bacteria 
exist at all depths. At places or at times they may be somewhat dormant; but 
should they at any time be supplied with available nitrogen they will revive quickly. 
Also, should the temperature—which in a bog is fairly low—be raised, a greater 
activity would ensue. 

The humins formed in peat are in part, at least, actual acids. This was shown 
several years ago by Sven Oden. At that time I believed in the absorption theory, 
and thought the phenomenon often ascribed to chemical reaction to be physical—that 
is, absorption by colloids. Results in the laboratory have shown that the humins 
are acids and that they are able to combine with minerals, such as calcium, in the 
bog. We find, therefore, in the deposit, free humic acids and humates. The latter 
appear to be chiefly calcium humate, although sodium and aluminum humates 
may also be present. Dr. Walter Fuchs has found the same in the brown coals of 
Germany. He found that 8 per cent. of the mineral matter was thus combined. 


W. H. Futweiirr, Philadelphia, Pa.—Would not the action of the Imhoff tank 
probably parallel to a certain extent the decomposition that may go on? We have 
Imhoff tanks that are 35 or 40 ft. deep. We know that there is a very active anaerobic 
action and there is some decomposition that the bacteria will destroy. 

Also, is it not true that when you speak of the fungi you really mean the enzymes 
connected with the fungi? It seems to me it is a little more correct to put it that way. 


R. Tutrsspn.—Yes, but if I said enzymes someone not conversant with the term 
might not know what I meant, so I said fungi and bacteria. The enzymes are the 
catalytic agents. 

The Imhoff tank is a very good example except that it always contains the nitrogen 
supply that is required for life. Bacteria must have both oxygen and nitrogen, 
nitrogen to build the body of the bacteria, the protoplasm, and oxygen for respira- 
tion. These bacteria are always anaerobic, that is, while they can not exist without 
oxygen, they can not exist in free oxygen of the air. They take the oxygen from the 
plant compound by decomposing it and take the oxygen as it is liberated and use 
that for respiration. As long as they have a nitrogen, carbon and oxygen supply, 
life can be sustained, but just as soon as they are deprived of any one of these they 
become dormant or die. 


W. H. Futwer1ter.—In the Imhoff tank there is an alkaline condition also. 


R. Tuiessen.—As we have a method to determine the hydrogen ion concentration 
we are working on that and find that all of these bacteria are practically working 
in an acid medium. We found an acidity between 3 and 5 pH in the peat bogs in 
Wisconsin. It should be remembered that 7 is neutral, any figure below 7 is acid, 
and above 7 alkaline. So far, we have found no alkaline conditions. 


H. J. Ross, Pittsburgh, Pa.—In a case that came under my observation recently 
it was found that cellulose (in the form of canvas cloth) disintegrated in several 
weeks in the activated sludge process for sewage treatment. 
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(New York Meeting, TERERBTY 1928) 


BeroreE attempting to describe the application of recently: mole ic: 
knowledge to the classification of coal it will be as well to consider the a 
objects at which a scientific classification should aim. Here one can: Fa 
do better than to follow the example of Clarence Seyler, 1 by muptene from = a 
Huxley’s “Classification of Animals:”’ Tae: 6 a 


“By the classification of any series of objects is meant the actual or ideal arrange- __ 
ment together of those which are like and the separation of those which are unlike, the 
purpose of the arrangement being to facilitate the operation of the mind in clearly = 
conceiving and retaining in the memory the characters of the object i inquestion. Thus 7 
there are as many classifications of any series of natural or other bodies as they have 
properties or relations to one another or to other things. But the statement of the 
characters of the class . . . is something more than an arbitrary definition . . . it 
expresses firstly, a generalization based on and constantly verified by very wide - 
experience; and, secondly, a belief arising out of that generalization—in other words, 
the definition of the class is a statement of a law of correlation or coexistence... 
from which the most important conclusions are deducible.”’ ceri 


In that same sense writes John Stuart Mill, in the chapter on classifica- — 
tion in his ‘‘Logic:” 


“The ends of scientific classification are best answered when the objects are . 
formed into groups concerning which a greater number of general propositions can be 
made, and these properties more important, than could be made respecting any other 
groups into which the same things could be distributed. The properties, therefore, 
according to which objects are classified should, if possible, be those which are causes of 
many other properties, or, at any rate, which are sure marks of them.” * 


Now in the case of coal, the properties which have been used from 
time to time for classification purposes are the ultimate analysis, volatile 
matter, caking power, calorific power, burning properties, ete. Seyler 
has shown that there is a general law of correlation or coexistence between 
the ultimate composition and the other properties. The ultimate com- 
position, therefore, of the natural series of bodies known as coal is the 


* Published with approval of the Director, U. S. Bureau of Mines, and the 
Director, Safety in Mines Research Board, Great Britain. 

} Senior Assistant, Safety in Mines Research Board, Great Britain. 

*C. A. Seyler: The Chemical Classification of Coal, Pt. II. Fuel (1924) 3, 79, 
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property which he considered best fulfilled the requirements of a basis of, 


classification as laid down by Mill and Huxley. It is certainly true that 


_ this classification is one of the most satisfactory in use at the present time, 
more particularly for coals of high carbon content. 


The reason why classifications have given good results, at any rate in 
the case of the higher ranks of coal, has been discovered recently as a 
result of experiments based partly on the action of organic solvents on 
coal and mainly on the action of oxidizing agents. — 

Oxidation experiments have demonstrated that in all coals one group 
of compounds predominates. These are the various members of the 
family of ulmins, which are formed from interactions between the degra- 
dation products of the cell walls and cell contents of the original woody 


_ material of the coal-forming plants.2 Ulmins are present in all coals 


and usually comprise not less than 80 per cent. by weight of the coal. 
In normal coals the other organic ingredients may be classed briefly 
as structured plant remains, including such materials as spore exines 
and cuticles, highly carbonized particles, such as occur in fusain, and 
amorphous materials, chiefly resins and hydrocarbons. During the 
progressive carbonization of coal which occurs under the influence of 
time and temperature, it is quite obvious that the change in properties 
of the ulmins will be more noticeable than any change in the other 
ingredients. Moreover, the very chemical nature of the latter makes 
them less susceptible to the changes that occur in the reactive ulmins. 

Our present knowledge of the chemical differences in the organic 
portions of normal coals may therefore be summed up in one sentence— 
coals differ from each other in two respects: (1) In the proportions of 
ingredients present (the ingredients are the ulmins, the structured plant 
remains, chiefly cuticles and spore exines, resins and hydrocarbons), 
the ulmins always predominating; (2) in modifications in the character 


~ of these ingredients such as determine their rank. 


The ultimate analysis of coals groups these mixtures according to the 
modifications which have taken place in the ingredient which prepon- 
derates, namely, the ulmin. Such a grouping can only be approximate 
because of the varying proportions of other ingredients present. With 
coals which differ markedly in proportions of ingredients the nature of 
the volatile matter varies considerably more than does the ultimate 
analysis. The determination of rank based on total volatile content can 
therefore have no true significance. 


2 W. Francis and R. V. Wheeler: The Oxidation of Banded Bituminous Coal at 
Low Temperature. Jnl. Chem. Soc. London (1925) 127, 112; The Properties and 
Constitution of Coal Ulmins. Loc. cit., 127, 2236. 

W. Francis and R. V. Wheeler: The Spontaneous Combustion of Coal: The 
Most Readily Oxidizable Constituents of Coal. Safety in Mines Research Board 
Paper No. 28 (1926). 
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: + aides thoroughly scientific classification should foe 
separation of the ingredients of coal and then a grouping 0 
ent by means of any one of its characteristic properties, for instan | 
the ultimate analysis or volatile content. Unfortunately, it is not y at, | 
possible to separate the ingredients of coal without submitting it to proc- 
esses which profoundly modify the character of one or another of the | 
ingredients. Classification by analysis of the separated ingredients is 
therefore not yet practical. Oxidation processes and the action of organic : 
solvents are together at present the only methods available for the separa- _ 
tion of the ulmins from the other ingredients of coal, and though during 
separation the ulmins are altered, it is possible at the same time to meas- 
ure the modifications in character of the various members of the ulmin 
family. These modifications apparently cause an increasing resistance _ 
to oxidation as the rank of the ulmin increases. An arrangement of ; 
coals in order of increasing resistance of their ulmins to oxidation is 
therefore a true classification of this series of compounds in the sense of 
the definitions of Mill and Huxley. It has been demonstrated that the 
other ingredients of coal, besides being present in much smaller propor- 
tions than the ulmins, are much more resistant to oxidation and in this 
connection, within certain limits, may be considered to be inerts. A 
system of classification based primarily on the reactivity of the ulmins 
toward oxidizing influences, therefore, is free from the principal defect of 
other classifications in that differences in the proportions of ingredients 
present have no effect on the order of arrangement. 

Besides measuring the reactivity of the ulmins by measuring their 
ease of oxidation it is also possible to estimate the proportion present in 
a given coal during that measurement by taking advantage of one of the 
most important effects of atmospheric oxidation at low temperatures, 
which is that the insoluble ulmins become again soluble in alkaline solu- 
tions. This treatment does not cause the inert ingredients to do so, 
therefore it is possible to make an estimation of the relative proportions 
of ulmins and inerts present. The proportions of resins and hydrocar- 
bons may be estimated by the solvent action of pyridine and chloroform. 
By combining these two methods the proportions of the main ingredients 
of normal coals may be measured. Since each ingredient has distinct 
properties and therefore exerts a separate influence on the properties of 
the containing coal the value of this separation will be appreciated. Thus 
recent discoveries have made possible a rational classification of coals 
that groups them in order according to the reactivity of their ulmins, 
with suborders for differing proportions of the other ingredients. 


EXPERIMENTAL MrtTnHops 


This system of classification has now been tried out on a series of 
American coals of wide range, varying in rank from lignites up to high- 
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rank semibituminous coals, according to the older systems of classifica- 
tion. The reactivities of the ulmins toward oxidation have been meas- 
ured in three ways. In the first place oxidation by air under standard 
conditions was undertaken and the reactivity determined in two ways. 

1. The rate of combination with oxygen under standard conditions was 
determined by calculation from the change of weight of the coals and 
the weights of the oxides of carbon and water evolved. 

2. In a parallel set of experiments the rate of oxidation was measured 
by the rate of formation of soluble ulmins. 

3. In order to quicken the oxidation processes a chemical oxidizing 
agent wasused. The rate of oxidation was obtained by the rate of forma- 
tion of soluble ulmins. The most convenient oxidizing agent so far tried 
is dilute nitric acid. 

Time does not permit description or discussion of the methods in full, 
but complete details will be prepared for publication elsewhere in the near 
future. The essential features of the experimental methods are as follows: 
The coals were extracted with pyridine and chloroform in an inert atmos- 
phere. ‘The residues were mixed, dried and ground to pass through a 
100-mesh standard Tyler sieve and remain on a 200-mesh sieve. 

In one experiment 10-g. samples of the prepared coal residues were 
contained in tubes and dry air was aspirated through. The tubes 


- were heated in an air oven whose temperature was maintained constant at 


150° C. by means of a constant boiling jacket of glycerin and water. A 
bimetallic thermostatic control was also fitted as a precautionary measure. 
The water and carbon dioxide in the exit gases were estimated by the 
change in weight of absorption trains, and the carbon monoxide was 
estimated periodically by analysis. Change in weight of the coals was 
determined from time to time by weighing the containing tubes. From 
these data the volume of oxygen which entered into the reactions was 
calculated and placed on a “unit oxidizable material” basis from figures 
giving percentage of oxidizable material, obtained by extraction of the 
oxidized coals with caustic potash solution. 

A parallel experiment was performed with another portion of the 
sieved extracted coals. The object of the experiment was to determine 
the periodic formation of soluble ulmins and the total percentage of 
oxidizable material. The coals were placed in shallow layers in trays 
and heated to 150° C. in an oven controlled as described. From time to 
time ulmin determinations were made by extracting the coals with 
a 1 per cent. solution of potassium hydroxide, precipitating the ulmin 
with hydrochloric acid, filtering, drying and weighing upon tared papers. 
The experiment was concluded when the percentage ulmin formation 
reached a maximum. As the reaction proceeded the lower rank coals 
showed an increasing tendency to form water-soluble products. The 
total percentage of oxidizable material was therefore considered to be 


the difference pe al 100 an the sum | of the o 


The weight of residue invariably became cons 
mental conditions. 
The nitric acid experiments were performed as flow 


of coal were extracted with pyridine and chloroform. Kies 


increasing scneententien en io aorta to  ometaa After ina excess 5 “- 
of acid was filtered off the oxidized coals were extracted in a standard ye 
manner with a 1 per cent. potassium hydroxide solution. By drying and 9 
weighing the residues the percentages of the oxidizable material which = 
became soluble during each treatment were calculated after the ash — ae 
contents of the residues and of a original extracted coals had — 
been determined. - 

During atmospheric oxidation the rate of ulmin formatiae may be 
determined directly, since there is little change in weight during oxida- 
tion and a comparatively small loss to water-soluble products. When G 
the figures are given as percentages this erroris not serious. Ontheother 
hand, during nitric acid oxidation there is first of all a comparatively | 
large increase in weight even with low concentrations and during the late. 
stages of oxidation wholesale conversion of the ulmin into water-soluble 
acids and nitrophenols. It is consequently necessary to determine the 
amount of soluble matter formed by difference from the weight of 
the residues. 

Altogether 35 or more coals have been examined by one or all of 
these methods; up to date, 16 have been examined completely by all 
the methods. The results obtained with these coals are shown in the 


tables following and are typical of the general trend of all the other 
results obtained. 


ATMOSPHERIC OXIDATION 


In Table 1 will be found the ultimate analyses of the coals used, 
together with the volumes of oxygen reacting for 1 week of oxidation at 
150° C., calculated on 10 g. of ash-free, oxidizable matter, consisting 
almost entirely of ulmin. Table 2 gives the volumes of oxygen used 
during successive weeks until each experiment was concluded. Gener- 
ally, the experiments were finished when maximum solubility of the — 
ulmin was attained. 

It is at once apparent from the figures for the first week of oxidation 
that the coals may be placed in order according to reactivity similar to 
the order of increasing carbon content, that is, the coals of lowest carbon 
content are the most reactive toward oxygen; and those of high carbon 
content are least reactive. The agreement is not strictly correct, first 


ae ri 


> W. FRANCIS > 


an 


UM ries TaBLE 1.—Summation of Data on Coals j 
pe dyutcs Air Oxidation ee 
7 (Os al pals 
Dae foes Gerd od Se Concentration in 
UH ODS Gna Tren aban cl LV, : Time for One-half P 
AO 1S" Hit NGeE | Gata Vorenadion, | RE Res Oe 
5 Cent. Solubility 
Gillette, SWVVO Tob cance 71.9 Sia) |Gillettecs. cok s:- 3310/Gillette........ 140/Gillette.......0.620 
Hotchkiss, Wyo....... 73.4 6.0 | Milk River.....3080| Hotchkiss Hotchkiss..... 0.640 
Milk River, Mont..... 73.4 | 5.3 |Hotchkiss...... 2740| Milk River..... 150|Milk River....0.715 
Gantar, Mont. ........ 78.4 5.3 |Baileys Mills...2730,Gantar........ 332|Gantar.......0.730 
Baileys Mills; Bottom; : 

Pittsburgh:..... ieee) 70.9 | 6.0 1eiawatha. <....:. 2640|Hiawatha...... 334|Baileys Mills..0.755 
Elm Grove; Bottom; : 

Pittaburghs <.cde:s «ic « 80.4 5.6 |Castlegate..... 2590|Castlegate..... 334|/Elm Grove....0.760 
Hiawatha, Utah....... 80.7 Sas) \Gantars...<. 2's 2590|Baileys Mills... 390)Hiawatha..... 0.850 
Castlegate, Utah...... 81.5 5.5 |Sunnyside...... 2540/Elm Grove..... 410|Castlegate....0.880 
Sunnyside, Utah....... 82.5 5.8 |Elm Grove..... 2360|Sunnyside...... 417|Sunnyside..... 0.900 
Monongah; Bottom;| - 

Pittsburgh... 00s 83.3 5.6 |Monongah .....2280)Monongah..... 425| Monongah....1.01 
Delmont; Middle; S 

Pittsburgh........-. 84.5 6.0) |Delmont..°...... 2280|Delmont....... 430|Delmont...... 1.05 
Scotch Hill; Pittsburgh.| 85.2 5,2 |Revere..... ...1960|Scotch Hill..... 550)/Revere....... 1.78 
Revere; Bottom; Pitts- 

burchicsase c.see nas 86.1 5.4 |Scotch Hill.,...1945)Revere........ 555|Scotch Hill... .2.53 
Jamison; Middle; Pitts- ; 

LOS Na obs Noonan 86.5 | 5.6 |Jamison....... 1900|Jamison....... 650|Jamison...... 2.87 
Vogele; Bottom; Pitts- 

brrgis nce sate cases chee 87.4 AL VOREIE. «6 0.¢ aes 1360| Vogele......... 915) Vogele, over..6.3 
Ocean; Top; Pittsburgh| 89.0 47 |Oceani. << ts. 5. 790/Ocean......... 1800|Ocean, over...6.3 

. : Higher than Vogele 


TaBLE 2.—Atmospheric Oxidation of Coals at 150° C. 


[Oxygen at N.T. P. per 10 g. Oxidizable Material] 
Time, Weeks 
Coa 
i 2 3 4 6 7 13 
CTTUGIR Re yee ieee eee ne 3310 | 4110 | 4450 5620 
METS ARS AICS trap meath os eins arene 3080 | 3720 | 4130 4880 
1 BUOLLo1 OL SSC Get sch eee ics ae ek ee 2740 | 3270 | 3875 4830 
BaneyseMills'y pn ata. tease os. cw 2730 | 3525 | 4200 5820 
IEEE ROSATO OC cca Ne tea ani 2640 | 3440| 3910} 4350 
Gastlerate cei Rohe? EE IR 2590 | 3470 | 4040 5450 
ATAU ME Ree n ss MLL tie Ad. Soh od 2590 | 3350} 3850 4180 
Sunnyside 2540 | 3270| 3770 4640 
atu rTOVeun cae. eros andes ue fC suseude 3 2360 | 3100 | 3760 5470 
MUGRON gH rek rus Meeker: SPR Wie aroha bo ots 2280 | 3050 | 3680 5250 
PD elimOmtree tree ia toe eres 2280 | 2980} 3415 4485 
IRE VGLe eis tiers eee ind eee ent hace 1960 | 2640 | 3030 
Scotelo bil lpsney mera. atest icrak. . A. 1945 | 2610) 3150 4580 
aIMISOTUe ae SPR on ceed wane aha, mee 1900 | 2465 | 2925 3775 
WOpele: «mae w ouue 02 o> Oh. we tee ts 1360 1930 | 2310 3320 
Oceanis ster Aa cette ate wane 790 | 1200) 1600 2880 4230 


+f. 


which may occur because of oxidation during treatment 
ment, particularly in the case of the low-rank coals, itisun 
upon such exceptions without additionalevidence. With higherr: 
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OXYGEN AT N.T.P ABSORBED PER 10 GRAMS 


TIME, WEEKS 
Fig. 1.—ATMOSPHERIC OXIDATION aT 150° C., OXYGEN USED. 


the errors due to preoxidation are not so serious, and the reactivity deter- 
minations with such coals have a fair degree of accuracy. It is apparent 
therefore that reactivity toward oxygen, for high-rank coals at any rate, 
is a true measure of the stage in the ‘‘ progressive carbonization” at which 
the ulmin ingredient has arrived, that is to say, it may be used as a 
measure of the rank of a coal. The most reactive coals are lowest in 
rank, the least reactive are highest. A graphic illustration of the 
oxidation of these coals is given in Fig. 1. 

Table 3 shows that the percentage rate of production of soluble 
ulmins places the coals in a similar order and may therefore be used to 


rs 


ee 


determine reactivity. Any oxidation which occurs during the prelim- 
_ inary treatment helps in the production of soluble ulmins and is therefore 
_ measured. The determination is not particularly accurate in the early 
_ Stages of oxidation because there takes place a certain amount of colloidal 


dispersion in alkaline solution before true solution, due to the formation 
of carboxylic groupings in the ulmin molecules. The amount of disper- 
sion is a factor difficult to estimate or control, so that little reliance can 
be placed on figures showing less than 20 per cent. of soluble ulmin. The 
results are shown graphically in Fig. 2. 


TOTAL SOLUBLE ULIIN, PER CENT 


4 
TIME, WEEKS 


Fic. 2.—ATMOSPHERIC OXIDATION AT 150° C., SOLUBLE ULMIN FORMATION. 


In comparing the rates of formation numerically the simplest way is to 
compare the times required for the production of 50 per cent. solubility. 
At this point the determinations are reliable, and since the shape of the 
curve is much the same for each coal, the error introduced by so doing 
is not great. The number of hours taken for the production of 50 per 
cent. solubility places the coals in an order such as would be expected 
from their analyses and measurement of oxygen used. The Hotchkiss 
coal is placed in a more probable position than was obtained for it in the 
direct measurement of oxygen used, since in this case the oxidation 
which took place before the experiment helped in the production of 


soluble ulmins. 
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Hotohiiaes and Milk ae Ee ‘the nee ‘lowe ts ae the G: 
The figures given for Baileys Mills, Elm Grove and Mononga! 
should not really be included in this table, since these coals were iz 
at a lower temperature before the other coals. To make them at a 
comparable a small sample of one of them was oxidized at 150° C. and : 
factor deduced for the calculation of the previous results at 134° C. eee 
to the present temperature of 150° C. It appears that the shape of the _ 7 : 
former curves differed at the lower temperature, being flat for a longer 
time and then shooting up more quickly than the curves at the higher _ 
temperature. The values showing soluble ulmin formation at the end 
of the second week suggest that there is really little difference between 
the reactivities of the Gantar, Hiawatha, Castlegate, Baileys Mills and 
Elm Grove coals. - 

There is a sharp line of demarcation between the Delmont and 
Revere coals. Scotch Hill coal ranks next to Revere. Far removed 
from Scotch Hill comes Jamison, and then Vogele. Least reactive is the 4 
Ocean mine coal. Between the highest four members of this series the : 
differences in reactivity are extreme and are sharply defined both by the 
direct determination by measurement of oxygen used and by the indirect 
determination by measurement of the formation of soluble ulmins. 


TaBLE 3.—Atmospheric Oxidation of Coals at 150° C. 
[Percentage Rate of Formation of Soluble Ulmin] ' 


Time for Time, Weeks 
One-half 
Coal thee | 
mation, 1 2 3 4 5 6 7 9 11 15 
Hr, 
S * ( 
Gillette......... 140 64 82 {100 
Hotchkiss...... 140 64 91 {100 2 
Milk River..... 150 56.5] 94 |100 
Gantate ones. 332 16 51 68.5| 83.5} 94/| 100 
Hiawatha....... 334 16.5} 50 74.5 |100 
Castlegate...... 334 19 50 72 88 100 
Baileys Mills... 390 $1.5) 77.5 100 
Elm Grove..... 410 30 75 100 
Sunnyside...... 417 30.5| 61.5) 81 100 
Monongah...... 425 24.5| 72 100 
Delmont,...... 430 2 GOW LOL a DeLO 97 | 100 
Revere......... 505 i 22.0) 51.0/ 80 100 
Scotch Hill..... 550 12.6) 42.0 100 
Jamison: «ace. 650 21.5| 55 100 
Voselesus. cane 915 16 33 72 100 
Océanie eee | 1850 50 | 100 
| \ | 
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OxIpATION By Nitric Acip 


| Oxidation by nitric acid is in many ways the most interesting of the 
three methods for determining reactivity toward oxidation. The velocity 


of reaction may be increased almost indefinitely by increasing the con- 


centration of nitric acid used. The concentration of acid used can be 
_measured easily by titration, and the reagent does not deteriorate 
on standing. : 


SOLUBLE MATTER IN TOTAL OXIDISABLE, PER CENT 


Fia. 3.—NITRIC ACID OXIDATION OF LOW-RANK COAL. 


Details of the oxidation with nitric acid are given in Table 4 and 
illustrated graphically in Figs. 3 and 4. For a moment, leaving the 
low-rank coals out of consideration, it will be seen that nitric acid is a 
very discriminating oxidizing agent. This is especially the case in coals 
ranging from 82 to 90 per cent. in carbon content, the range most useful 
for commercial purposes. 

The general arrangement of the coals from consideration of their 
reactivity toward nitric acid is again approximately the same as that 
obtained from considerations of other reactivity determinations. Ulti- 
mate analysis is not a reliable or discriminating agent to use, and atmos- 
pherie oxidation is a tedious process inundated with difficulties, so 
that in the use of nitric acid there is a better chance of determining the 
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of ash present in the residue and original coal. _ ae 
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SOLUBLE MATTER IN TOTAL OXIDISABLE, PER CENT ~ 
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4s 2.0 3.0 35 i 45 50 SS 
WEIGHT OF NITRIC ACID PER GRAM COAL PER 100 CUBIC CENTIMETERS. ey 


Fia. 4.—NI?rRIC ACID OXIDATION OF INTERMEDIATE COALS. 


In order that the reaction should be completed in a few hours the 
concentration of nitric acid used was varied—the higher the rank of 
the coal the stronger the acid used. The upper limit of concentration 
must not be very great, as the cuticles and spore exines in the residue 
that are comparatively inert to mild oxidation may be attacked by 
boiling with a nitric acid solution of high concentration. It was thought 
undesirable to use solutions of nitric acid stronger than normal. Since 
some of the coals did not become soluble in alkalies after boiling 8 hr. 
with normal nitric acid small amounts of potassium chlorate were added. 
This gave in effect a dilute Schultze’s reagent, but it was only necessary 


for high-rank coals. te 
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The time faetor ia tte only limit to a dilution ei aS | 


A period of 8 hr. was thought most suitable for the reaction. This is 


sufficiently large to negative any discrepancies due to such factors as 
difference in the ease of wetting the coal particles and is sufficiently 
short to allow the test to be completed in the average working day. 
Since one object of this work is to evolve a system of examination of 
coal suitable for the ordinary routine laboratory, the desirability of 
limiting the time to 8 hr. will be appreciated. 

The safest way of examining coals for reactivity is to make a number 
of determinations of soluble ulmin formation with different concentra- 
tions of acid and to plot a graph of the results, plotting percentage of 
soluble ulmin formation against concentration of acid. The important 
points are the central portions of the curve and the end points. For 
routine purposes it will be sufficient to determine a few points near the 
-center of the curve and the final point. The analysis of the coal under 
consideration and the results given in Table 4 will usually enable one 
to do this with little previous experience in the methods by three or 
four snap experiments. 

In order to obtain the end point it will be sufficiently accurate to 
determine the weight of residue obtained by extraction with alkalies 
after boiling for 8 hr. with about five times the concentration of acid 
necessary to convert about 50 per cent. of the oxidizable material into 
soluble matter. If the coal is a normal coal of low or medium bituminous 
rank, 100 ¢c.c. of normal acid per gram will usually be sufficient. Should 
the coal be of higher rank than this and only go partly into solution 
with normal acid it will be necessary to add small quantities of potassium 
chlorate to determine the end point. The more difficult it is to make 
the coal soluble the more chlorate should be added. The highest member 
of this class of coals will probably be oxidized sufficiently by boiling 
with 100 c.c. of normal nitric acid and 2.5 g. in Sela chlorate per 
gram of coal for 8 hours. 

With higher rank coals, that is, those that will give no alkali-soluble 
ulmins with normal nitric acid made these experimental conditions, it 
will be necessary to plot a curve using throughout a mixture of nitric 
acid and potassium chlorate. Two such coals, Vogele and Ocean, are 
shown in Table 4. Experience will be the guide in deciding the con- 
centration to use for these high-rank coals, and a graph is the safest 
way of determining the end point. 

During the present experiments the weight of residue obtained 
during atmospheric oxidation was available as a check. The figures 
given in Table 5 will show that the ‘‘snap” determinations which were 
made in the majority of instances give values for the proportions of 
residues which are of the same order as those obtained by atmospheric 
oxidation. These values, strictly speaking, are not directly comparable, 
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since ordinarily the same sample of coal was not used in the nitric acid oxi- 
. dation as in the corresponding atmospheric oxidation. Two samples were 


taken from the same lump of coal and treated separately, the one sample 
for atmospheric oxidation, the other for nitric acid oxidation. Such 
variations as are shown in Table 5 for percentages of plant remains in 


each corresponding pair of samples are of the order to be expected in 


contiguous portions of the same lump of coal. 


TaBLe 5.—Rational Analysis of Coals by Solvents and Oxidation 
[Percentages on Ash-free, Dry Basis] 


Air Oxidation Nitric Acid Oxidation 
. 4 Resins and 
Coal Hydrocarbons, Ulmins Plant Ulmins Plant 
er Cent. (Oxidizable Remains (Oxidizable Remains 
Material), (Inerts), Material), (Inerts), 
Per Cent. Per Cent. Per Cent. Per Cent. 

Gillette... 2.02.00 « 3.8 91.1 5.1 92.2 4.0 at 70 
Milk River....... : 3.8 92.4 3.8 93 .2 3.0 
Hotchkiss......... 3.4 95.4 1.3 95.7 HQT eo 
Gantar. 000.4 4.0 86.8 9.2 88.7 7 ope 
Baileys Mills...... 5.4 85.9 8.7 86.8 7.8 

Elm Grove........ 6.4 86.0 7.6 85.2 8.4 
Hiawatha... 4. Hvar 87.3 7.0 87.6 6.7 
Castlegate. .......: 5.8 82.6 11.6 80.8 13.4 
Sunnyside......... 57 90.3 4.0 89.6 4.7 
Monongah........ 3.9 87.5 8.6 87.0 9.1 
Delmomt es! ei50cs 3.9 88.1 8.0 85.2 10.9 
Revere. oi. 8 sas Sei) 87.3 9.2 90.4 Gal 
Scotch Hill........ 4.4 86.9 8.7 84.6 11.0 
JAMISON. se. eaten 3.2 88.0 8.8 88.4 8.4 
Vogeleiits..2 5 2. 126 95.7 2.7 95.4 3.0 
Oceanian scot: oe <7 0 89.5 9.5 90.5 8.5 


Nature or Action or Nitric Acrip 


The nature of the oxidizing action of nitric acid must now be con- 
sidered briefly because only by doing so can one explain the behavior 
of the different coals under treatment. Nitric acid may react in three 
ways during this action: it may oxidize, nitrate, or do both. Organic 
chemistry indicates that usually nitration does not take place unless 
concentrated acid is used, a dehydrating agent is present, or certain 
groupings occur in the reacting molecule which facilitate the entrance 
of the nitro-grouping. During the present experiments the dilution 
of the reacting nitric acid is sufficient to preclude the formation of nitro- 
groupings in the ulmin molecule unless the molecular arrangement is 
such as to facilitate this type of reaction. This must be so because 
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nitration undoubtedly does take place, as well as oxidation. Three ‘ | is 


pieces of evidence support this statement. 

In the first place, there is at first an increase in the weight of the 
coal during the action of nitric acid. During the atmospheric oxidation 
of low-rank coals, such as Gillette or Hotchkiss, there is no increase in 
weight, and with high-rank coals, which normally show an increase in 


weight during the initial stages of atmospheric oxidation, the increase _ 


in weight with nitric acid is much greater than with air. 

Secondly, titration of the reacting acid before and after oxidation has 
shown that the solubility produced in the ulmin is much greater per unit 
weight of “available” oxygen in the oxidizing agent than with the same 
volume of oxygen used in straight oxidation experiments. 

Thirdly, after the formation of soluble ulmins by the dilute acid used 
in these experiments there is a general breakdown of the ulmin molecule 
into water-soluble products, which are mixtures of acids and nitrophenols. 

The enhanced solubility of the ulmin molecule coincident with 
the entry of nitro-groupings into the molecule may be due to the forma- 
tion of pseudo-acids, a fact which is confirmed by the slow rate of solution 
of these compounds in alkaline solutions. It may also be due to the 
presence of phenolic-like complexes, which are soluble in alkalies when 
nitro-groupings are present in suitable positions. 

The total solubility of the ulmin oxidized by nitric acid depends on 
the sum of the solubilities due to the presence of (a) groupings which 
may act as pseudo-acids; (b) nitro-groupings situated in the correct 
juxtaposition to phenolic hydroxyl groupings; (c) carboxylic groupings 
due to straight oxidation. Of these three, straight oxidation always 
tends to the production of carboxylic groupings and therefore oxidation 
alone always increases the solubility of the molecule. The presence of 
nitro-groupings, however, may not always help to increase the solubility, 
since in this case solubility depends on the presence.of other groupings 
such as oximes or hydroxyl in the correct position. Should these 
groupings be absent or be changed during oxidation, increasing nitration 
may not cause increasing solubility and may even tend to reduce the 
solubility of the molecule. 

Apparently this happens with certain low-rank coals, the Hotchkiss 
and Milk River coals being typical of this phenomenon. With low 
concentration of nitric acid—that is, when straight oxidation is certainly 
the principal effect of the nitric acid—these coals, being more reactive than 
the higher rank coals such as Baileys Mills and Elm Grove, become more 
soluble in alkaline solutions. With higher concentrations the nitrating 
action of nitric acid becomes more prominent, and nitro-groupings are 
introduced into the molecule. Suitably placed groupings are not present 
to give enhanced solubility to the molecules of the low-rank ulmins, 
hence the rate of formation of soluble products falls off, even though the 
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reaction with nitric acid may still be proceeding more quickly than with 


_ the higher rank coals. 


The point at which the formation of inl colin ulmins in low-rank 
coals becomes no longer a reliable guide for the rate of the reaction under 
the conditions of these experiments is when about 30 or 40 per cent. of 
the maximum solubility is reached. At 40 per cent. of solubility it is 
possible to determine with fair accuracy the amount of soluble ulmin 
present, so that in order to obtain a simple numerical value to express the 
reactivity of each coal towards nitric acid it will suffice to determine 
from the graphs the concentration of nitric acid which will produce 40 
per cent. of alkali-soluble ulmin. This has been done, and the values for 


- each coal are shown in the first column of Table 4. 


These numbers illustrate the increasing inertness of the ulmins as their 
ranks increase. In order to avoid the possibility of obtaining misleading 
results due to nitration, particularly with low-rank coals, a new method is 
being developed using mixtures of dilute hydrochloric acid and potassium 
chlorate as oxidizing agents. The extracted coals are heated with this 
reagent in pressure bottles by means of boiling water and the soluble 
ulmins determined in the usual way. The results so far obtained indicate 
that results of the same type are obtained as with nitric acid and atmos- 
pheric oxidation, but for low-rank coals they are much more accurate 
and discriminating. 


SUMMARY 


As a result of the action of oxidizing agents and solvents on coals we 
can therefore measure both types of differences which exist between them. 
Organic solvents, pyridine, chloroform and pentane for example, enable 
estimations of the percentages of resins and hydrocarbons to be made. 
For the purpose of this paper no attempt has been made to separate the 
resins from the hydrocarbons by means of pentane. The results of the 
action of oxidizing agents on the extracted coals are twofold. From the 
weight of residue, insoluble in alkalies after prolonged oxidation, 
the relative proportions of inerts, chiefly cuticles and spore exines, and 
reactive constituents, almost entirely ulmins, may be determined. 
During the reaction an estimate may be made of the order of reactivity 
of the ulmin constituents. 

' The estimation of the relative proportions in which the ingredients 
exist is the first step in a scientific classification of coal and is not possible 
by any other methods than are mentioned in this paper. Measurement 
of the reactivity of the ulmins is the second step, grouping the coals in 
an order similar to that obtained by other classifications, which depend 
on other properties of the coals. The decreasing reactivity of the ulmin 
with increasing rank is a direct result and measure of the progressive 
carbonization which occurs with this major constituent of coals. It is 
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therefore a true basis for classification as defined by John Steart seas Ba fe 
and moreover its determination is independent of the relative propor- 


tions of other ingredients that are present. In this respect it has the 
advantage over other systems of classification which can only measure 
the total properties of groups of mixtures whose relative proportions 
vary and whose properties are not additive. Table 6 compares the 
reactivity measured by the action of nitric acid with rank measured by 
two of the older methods. 

The relationship between reactivity and the other properties of the 
ulmins, as also with the relationship between any one other property 
and the rest, may strictly hold with coals of the same age. It is impos- 
sible to discuss fully this phase of classification in the space available 
here, but one should always look askance at a comparison between coals 
of different geological periods by any one property until confirmed by 
an examination of other properties. It is unlikely that very great 
discrepancies will be encountered in normal coals. A “normal coal” 
may be defined as one formed by the accumulation and decay of forest 
growth, first of all passing through a “peaty fermentation” to break 
down the woody elements, then having sufficient time to make possible 
the complete combination of these degradation products to form peat 
ulmins before being subjected to the short-duration high temperatures or 
long-continued moderate temperatures which cause the changes of 
condensation, polymerization or both that are known as “progressive 
carbonization” and determine the “rank” of the coal. David White? 
has suggested that temperature and time may be interchanged. This 
is no doubt approximately true but it is quite apparent that coals which 
have been subjected to sudden changes in temperature before the com- 
plete transformation of the woody structures into ulmins may behave 
abnormally. It is impossible to predict abnormality from our present 
geological knowledge so that no one system of classification can be 
relied on to give satisfaction for all ages of coals. 

The rational analysis and determination of reactivity may be relied 
on to classify and compare coals of the.same age in a discriminating 
manner. It can not yet be considered to have been proved reliable for 
coals of widely different ages because of the possibility of the occurrence 
of abnormalities. The safest way is to examine coals in two different 
ways, first of all to determine rank approximately by, for instance, 
ultimate analysis, then to determine the reactivity of the ulmins and 
the relative proportions of ingredients present in the coals by the regu- 
lated action of nitric acid. The results will check for all normal coals. 
Those which do not check may be considered abnormal and will be 
expected to have different properties. 


® David White: Progressive Regional Carbonization of Coals. Trans. A. I. M. E. 
(1925) 71, 253. 
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An intelligent use of a classification whose basis is reactivity ther fore | 


arrangement together of those members which are like and the separation 
of those which are unlike.’ So far even in this early work the methods — 
are apparently giving results of the right nature. With increasing 
experience the methods may be modified and improved so that we may 
at last hope to have a rational classification of coal. 
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DISCUSSION | 


The THIESSEN, Pittsburgh, Pa.—Dr. Francis says that the resins are not extracted 
with the alkalies after the oxidizing reagents; I have found that they disappear. 


W. Francis.—In presenting my paper, I was unable to give full details of 
the conditions under which the oxidations took place. Iam careful to remove the 
resins and hydrocarbons before I oxidize the coals. I realize these substances might 
tend to give misleading results and as I am intent on studying only the relationship 
between reactivity and rank of the coal ulmins I try to eliminate as far as possible 
as many factors irrelevant to the main issue. 

With regard to the action of nitric acid on coal resins, there is certainly some 
action with the formation of resinous acids of unknown composition but which 
certainly are soluble in alkalies. 

With regard to the oxidizability of coal resin in air, it has been quite definitely 
shown by my experiments that a resin does not oxidize so quickly as its containing 
coal at low temperatures. At higher temperatures it may oxidize more quickly. 


W. T. Tuom, JR., Princeton, N. J.—Dr. Francis gave the percentage of the carbon 
in the various coals. I should like to ask him the precise form of analysis from which 
those percentages were obtained and also to what extent he discriminates or thinks 
a discrimination might be made between the carbon which is ordinarily reported as 
fixed carbon and that which is included in constituents ordinarily classed as volatile 
matter. It seems to me that the oxidizability or stability of the carbon may well 
depend on surface effects, and that different surfaces for action may be exposed by 
carbon in the groundmass or what one might regard as more solid portions of the 
coal, as compared with carbon of the volatile constituents. 

A difference in exposed surface is, I believe, to be invoked as an explanation for 
the difference in behavior of the very low-rank coals and the higher rank coals. The 
higher rank coals, having been compressed more, are less porous and therefore offer 
smaller surfaces to oxidation or similar surface reactions. 


W. T. Tuom, Jr.—What I should like to obtain is your opinion as to the relation 
between speed of reaction and the surface condition of the reacting carbon. Are 
your percentages based on air-dry analysis or upon ultimate analysis? 


W. Francis.—The coals were: analyzed in the regular Bureau of Mines manner. 
The procedure, I believe, is to take the sample of coal, grind the whole of it, then to 
make the analyses in the air-dried state and calculate fons these and the percentages 
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of ash and moisture found, the ash-free dry analyses. The carbon figures I gave 


were obtained in this way. 


W. T. Tuom, Jr.—They were calculated to a dry basis? 


W. Francis.—Yes. As regards your point, I am not quite clear whether your 


question referred to the influence of the physical state upon the oxidation or upon 
destructive distillation. 


W. T. Tom, Jr.—Toward oxidation. 


W. Francis.—Yes, the physical nature of the surface is of very great importance 
with regard to oxidation and that is another reason why, before oxidizing the coals, 
I separate them from the resins and hydrocarbons. In order to do this the coals 
are extracted with pyridine and chloroform. Normally speaking, coal is not sus- 
ceptible to the attacks of a pure solvent like chloroform, but after the action of 
pyridine, which has some ill-defined effect on the colloidal material and apparently 
serves to open the pores of the coal, this solvent will dissolve out the resins and 
hydrocarbons which are present. 

I think it is fairer to treat coals in this way because if the differences in surface 
state are largely of colloidal nature, and if the colloidal aggregates are resolved in 
the same way, the surface state of the particles should be more uniform in nature. 


W. T. THom, Jr.—The purpose of my questions has been to bring out the relation 
between the chemical reactivity of different coals and their normal moisture content. 
The range of carbon percentages in Dr. Francis’ tables was, I believe, from 72 per 
cent. for Gillette subbituminous coal to 89 per cent. for Pittsburgh low volatile 
coal, and as I recall it, the oxygen absorption was six times greater for the Gillette 
coal than for the Pittsburgh. If we include moisture, however, as an ingredient of 
coals, we would find the relative percentages of carbon in the two coals as about 
55 to 87, instead of as 72 to 89, and the two curves of carbon content and reactivity 
would, I believe, run much more nearly parallel. That is a matter of practical 
importance which appears to emphasize the significance of the moisture content 
of coals. 


H. J. Ross, Pittsburgh, Pa.—One of the most interesting points to me is the 
excellent agreement between the degree of oxidizability and the fixed carbon content. 
The coals line up in a fairly orderly way with but few exceptions. I wonder if that 
might not be due to the fact that Dr. Francis used a close approach to pure coal. 
As I understand it, the coals used for these experiments were selected anthraxylon. 


W. Francis.—They were unpicked seam samples of coal. 
H. J. Rosr.—Extracted to remove resins and hydrocarbons? 


W. Francis.—That is all—then sieved and dried. I do not think that point is 
a valid one because the coals ranged in ash content from about 1 up to 14 per cent. 
in some cases. I believe the reason the figures agree so well is that they are all 
calculated per unit weight of oxidizable material. We are able to do this because 
during the experiments estimates were made of the proportion of ulmins present 
in each coal. 


H. J. Rosze.—Not on the basis of total coal? 


W. Francis.—Not on total coal at all because the proportions of different ingre- 
dients present varied greatly. These coals contained ulmins varying in percentage 
from about 80 up to 96. Suppose one of 80 per cent. ulmin content absorbed 2000 
c.c. of oxygen and one of 96 per cent. ulmin content also absorbed 2000 c.c. of oxygen; 


DISCUSSION 2 ABS) / 


458 CLASSIFICATION IN THE LIGHT OF RECENT DISCOVERIES 


it is not fair to say that those ulmins are reactive to the same extent. For comparative 
purposes the volumes of reacting oxygen must be divided by the proportions of 
ulmins present. The higher the rank of coal, the better the relationship between 
reactivity and rank holds, because the differences due to the physical state of the 
particles are then less important. The most difficult ones to treat are the low-rank 
coals from the West. : 


We 


Commercial Classification of Coal* 


By F. R. Wapizieu,t New York, N. Y. - 


(New York Meeting, February, 1928) 


Ir is generally realized and very often admitted by both producers 


and consumers of coal that there is great need for a revision of existing 


commercial classifications, and this will involve, of course, determination 
of a standard classification and a constant revision of marketing practices 
as they are affected by coal classification. 

I recently sent out some 200 letters to producers and consumers with 
a request for their views on the subject of commercial classification. 
Nearly all of the replies from both sides were that there was needed some 
change in the present method. There were three or four dissenting 
voices but the great majority of opinion was in favor of the formulation 
of some standard commercial classification. 

The classifications in commercial use today can best be described as 
a hodgepodge. They are made upon different bases, have different 
names and have different ways. ‘There are, for instance, about 11 single 
bases of classifications as used commercially and some 17 or 18 combi- 
nation bases. Then there were the Tidewater Pool Exchanges. The 
classification which they put in force is still used in the tidewater markets 
and has several different bases of its own. 

It will be considerable of an undertaking to bring about a change in 
marketing methods as affected by coal classification but it is well worth 
doing and I think the committee which has been appointed under the 
auspices of the American Society for Testing Materials realizes the 
importance of the subject and is on the way to at least bring about some 
provision for adjusting matters. By way of starting, each member of 
the Committee on Commercial Classification has been assigned to a 
general market district and each member is now engaged in collecting 
the commercial market practice data for submission at the next meeting 
of the Committee. 

About a year ago I made up a list of the commercial classifications 
in the different markets and the total was 171. The 11 single bases I 
found used in commercial practice were: 


*The author’s statements are based on a report on Commercial Classification of 
Coal which was prepared for the American Society for Testing Materials and was 
also submitted to the A. I. M. E. Coal and Coal Product Committee. 

+ Consulting Engineer. 
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COMMERCIAL CLASSIFICATION OF COAL 


. Geological. 
. Chemical. 


Combustion characteristics. 


. Carbonization characteristics. 
. Physical appearance. 
. Geographical location. 


Size. 
Company handling; company names. 


. Trade names. 
. Uses. 
. Use methods. 


The 16 combination bases were: 


OWONAAR WHE 


. Geographical and geological. 

. Geographical and chemical. 

. Combustion characteristics and carbon content. 
. Carbonization characteristics and analysis. 

. Physical and carbonization characteristics. 


Size and use. 


. Company name and seam. 
. Size and analysis. 

. Size and size of screen. 

. Chemical and use. 

. Geographical and use. 

. District and use. 

. Size and use. 

. Geographical and size. 

. Seam and size. 

. Trade name and use. 


Classification of Coals from the Point of View of the 
Railroads 


SVYORES; IN. Ye 


(New York Meeting, February, 1928) 
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- of 303,040, employing 71,818 locomotives, represents not only the great- 
est industrial user of fuel coal, but in the variety of coals used, ranging 
3 from anthracite down through the several gradations of bituminous 


By Everns McAuvtirre,* OMana, Nesr., AND Matcoum Macraranp, t New 


Our North American railway system, including the lines serving 
_ the United States, Canada and Mexico, with a total operating mileage 


; coals, as well as lignites, covers about all there is in American-mined coals. 
: Necessarily the wide range of fuel coal embraces not only extremes 
a of calorific value but also every possible gradation shown in size and 
preparation, from run of mine to washed nut and slack. Approxi- 
mately 8 per cent. of the fuel used by the railroads is consumed in shop 
power plants, shop buildings, pumping stations, station buildings, etc. 
The principal class of coal (as designated) used by the railroads is bitumi- 
nous, such, however, including a substantial tonnage of subbituminous 
and lignite coal; all United States railroads using in 1923 for locomotive, 
shop, station buildings and miscellaneous uses, a total of 4,578,000 tons 
of anthracite, 155,795,000 tons of bituminous, ois Reais and ieee 


coal and 58,005,000 bbl. (42 gal.) of fuel oil. 


The Class 1 railroads of the United States (those whose gross Bak 


earnings equal or exceed $1,000,000) used in 1926: 


Bituminous, subbituminous and lignite coal, net tons..... 140,083,885 
PACAT UIE CGC UCR LOUIS ier c reat sia ye aie Seghe tanl chee «a isfteyniiesslais 3,667,505 
Hie eos len ell Samet Peters ten Facets © Sie Gus) = hu aloty «ince 616 3,058,915,511 


Railroad fuel-purchasing agents rarely attempt to classify coal for 
locomotive use on the basis of chemical analysis; although this is very 
generally used as a guide in the initial selection of a fuel supply. The 
extraordinarily high rate of combustion developed in the modern loco- 
motive, generating as high as 2500 b.hp., with limited facilities for 
cleaning fires en route, suggests the importance of a fuel supply containing 
a reasonably low percentage of ash-making material, and while the 
percentage of locomotive coal handled through automatic stokers is 


growing, the principal tonnage is yet fired by hand. 


* Special Representative, Union Pacific System. 
+ General Fuel Inspector, New York Central Lines. 
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Many railway Pict netoene agents divide ‘the "pant 
into three primary classifications: low volatile, medium vo 
high volatile. When antismoke regulations are enforced, low vc 
anthracite or. coke must be pe As these three grades of 


draft arrangements must be provided for the locopiniake pa a addi- 
tion an extra measure of supervision over locomotives and crews is 
generally provided. 

This rather general division is merely preliminary to a closer selective _ 
classification quite generally employed in determining the fuel value 
of coal received from competing mines or districts. This second and 
more scrutinizing check is predicated on the factors of: (1) physical 
structure; (2) method of preparation and mining; (3) thermal content 
expressed through proximate analysis. 


System ror InpicaTING VALUE OF FuEL Coats 


The coal coming from each mine, as well as the method of mining 
and the facilities for cleaning and preparing it, are carefully examined 
and face or carlot samples are analyzed for moisture, ash, fixed carbon, 
volatile combustion and sulfur content, and the B.t.u. value of the coal 
as received is determined. An analysis of carlot samples taken uni- 
formly, approximating the track-scale weighing period, offer the best 
relation between thermal value per pound and the volume of fuel paid 
for by the purchaser. The following system for indicating the rela- 
tive physical and analytical value of railroad fuel coals is submitted 
for consideration: 

. Best coal physically—firm structure. 

. Second quality physically—mining and preparation requires care. 
. Friable structure—fines tend to excessive proportion. 

. Mining methods and preparation not satisfactory. 

. Natural conditions prevent satisfactory preparation. 

. Best coal chemically—low ash, low sulfur. 

. Good coal chemically—preparation requires care. 

. Fair coal chemically—prepar ation requires special care. 
. Not satisfactory chemically.” 

. Unsuitable chemically. 

Hach coal is given a combination letter and numeral designation; 
é. g., A-1, B-3, ete. 


oR ONE Sb Qh 


GRADING FoR Vartous BRANCHES oF SERVICE 


Those in charge of railway fuel coal find it necessary and desirable 
to segregate and thereafter assign certain grades of coal to the various 
consuming branches of the service; as, for example, to: 


Se eS ee a ee 


EUGENE MCAULIFFE AND MALCOLM MACFARLAND 463 ° 


Main line passenger, express and mail trains. 

Divisional and branch passenger, peal and mail trains. 

Freight trains. 

Switching locomotives. 

Locomotives operating within anti-smoke regulation zones. 
Power plants. 
3 _ Station buildings, water-pumping plants, etc. 
r . Flag and switch shanties, cabooses, etc. 
4 : For blacksmithing use. 
! _ The purchase of fuel by a railroad company presents a problem 
a quite different from that of the ordinary commercial consumer, who is 
governed in the majority of cases by the relative B.t.u. that can be 
obtained for each cent expended. In the case of a railroad, the cost 
varies widely. When the coal is bought from mines located on the. 
rails of another company, the published rate must be paid in cash to 
the foreign line or lines handling it. On the other hand, when the coal 
is mined on the user’s rails, the cost of transportation from mine to 
point of consumption is invariably less, representing what is known as 
the “‘out-of-pocket cost.’”’? Again, the purchase by a railroad of its fuel 
coal from mines on its own rails assists in the general prosperity of 
the mines and mining communities supplying it. These, with other 
conditions, make frequent compromises necessary; that is to say, it 
may be cheaper to buy a somewhat inferior coal from mines served 
by the purchasing company, rather than to pay for a better quality 
obtainable elsewhere. 


CONSUMPTION OF INFERIOR GRADES 


To meet a situation such as this (which is not infrequent) locomotives 
and power plants are designed to consume the inferior grade of fuel, 
the result being a lower ultimate cost to the railroad. Such conditions, 
plus continuity of delivery, an available empty coal-car supply, a return 
loading for empty cars, and the governing direction of heaviest tonnage 
and empty car movement, all represent factors that must be put in the 
scale and carefully weighed together with the percentage of volatile, 
moisture, ash and thermal value and other characteristics shown for 
different coals. The final determination is often made by actual road 
tests, the relative value of the fuels tested determined by the pounds 
used per 1000 gross tons moved one mile, as well as water evaporated 
from and at 212° F. Here again, unavoidable variations enter, including 
stand-by losses, coal used in firing up and after arrival at terminals, the 
effect of wind resistance, length of train and character of lading, all of 
which, while not precisely measurable, must be considered and allowed 
for by those in charge of tests. 


coal, deers ae are ee actin ened iby diene sambbene Ne ‘ily, 
these lignites, carrying a very high moisture content Rad respons le = 
for heavy spark losses, show low gross ton-mile movement results, quite 
; comparable with their low thermal value. Here again the question are ae 
road haul enters: the deposits of lignites used by the railroads being | i 
principally valuable on account of their proximity to points of consump- an 
tion; better fuels being available only at the expense of pages es | 
long hauls. : 
It may be said that the determination of a fuel supply ie a given 
railroad depends on many conflicting factors, certain of which preclude 
the observance of refined classification regulations. Where such can J 
be used, they are in general effect, more particularly by the roads fueled ” 


from mines located in the great Appalachian coal-bearing region. a 4 


DISCUSSION 


H. J. Ross, Pittsburgh, Pa.—Is the classification given in actual use or is it 
only tentative? 


E. McAvutrre.—It is tentative and is used with variations by certain railroads 
but it is not at all general. I have no hesitation in saying that the commercial ele- 
ments that enter into the purchase of coal in the cna jt of instances transcend their 
thermal characteristics and values. 


W. H. Buauvett, New York, N. Y.—Mr. McAuliffe says that the commercial 
characteristics and conditions rule. Of course, they rule in everything, in the final 
analysis. Are the railroads doing anything in the way of research to show that coal 
that costs $2 is sometimes cheaper than the coal that costs $1.50? In other words, fs 
are they only buying from the purchasing agent’s point of view, or are they buying 
with the help of their research department? Some day, are we not going to buy coal 
on the basis of what the scientists, the chemists and the research men and the geolo- 
gists tell the purchasing agent about the coal he is considering? What is the likelihood 
of the railroad’s getting to that point of view? 


E. McAvutirre.—From my experience in the purchasing and handling of railway 
fuel, I doubt that chemical characteristics will ever take a leading place in the purchase 
of railroad fuel coal, for the reason that the questions of location, transportation, 
continuity of supply, etc., carry wider variations than we normally find in thermal 
values. For example, when a railroad finds it advantageous to use an inferior coal, 
its engineers study and weigh the situation and forthwith proceed to adapt the design 
of locomotive to meet the requirements of the fuel. As a specific case, the Northern 
Pacific Railroad obtained its Western territory fuel supply from its mines in the State 
of Washington and in the Red Lodge, Montana, district for a great, many years. 
These two fields were becoming more expensive, more costly to produce. The railroad 
knew it had a tremendous acreage of low-grade lignite in the Rosebud District of 
Montana, so it made a study of that situation, mined a sufficient quantity, hauled it 
to the railroad, a distance of perhaps 35 miles, and ran some tests. Then the mechan- 
ical engineering department having developed the most modern locomotive, attempted 
certain further modifications of design, for example, a new design of grate, which made 
it possible to use successfully in heavy main-line traffic, coal running as low as 7500 
B.t.u. per pound. 
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To further meet that situation the Northern Pacific Railroad recently ordered a 
locomotive for experimental purposes that will weigh 521 tons when fully equipped 
for service, and which has a firebox area of 185 sq. ft. So, answering your question 
again and perhaps more concretely, those certain practical conditions that we have to 
contend with are of more importance and frequently more easily surmountable, or 
when surmounted they at least transcend in importance, the variation in thermal 
content between coals. In substance, if we have to, we can on a railroad burn any- 
thing. That has been fairly well demonstrated in the last five or six years. 


A. C. Fretpner, Washington, D. C.—In the table of properties of coal that are 
considered in the purchase of coal for railway fuel purposes, it would seem that one 
very important property is not considered; namely, the coking or caking properties of 
the coal as influencing the softening and caking together of coal on the grate. There 
is a considerable difference in various coals with reference to this property. It has 
an important bearing on the type of stokers and on the manner of firing. Is that 
point taken into consideration in the purchase of railway fuel? 


E. McAvtirre.—Again change in locomotive design and construction have sub- 
stantially eliminated that situation. In my younger days, when I was in railway 
locomotive service, using a small grate area and with locomotives carrying fires from 
12 to 16 in. in thickness, the caking qualities of coal were of material importance. 
Many locomotives were equipped with bars and we were compelled to break the sur- 
face crust at frequent intervals in order to effect a sufficiently rapid rate of combustion 
and get the necessary steam. We have now gone so far from the 16-in. fire that on the 
Northern Pacific Railroad and on the Sante Fé Railroad, with the so-called round-hole 
grate, our locomotives are burning coal in what might be called a manner almost 
equivalent to the pulverized coal process used in central power plants and for burning 
lime and cement. There again we have found out something in the last few years. 

In talking to railroad men and in instructing locomotive men, in past years I, with 
others, insisted that a locomotive could not be operated successfully and with an 
average measure of fuel economy with less than a 35 per cent. air opening in the 
grates. Today the Northern Pacific is using experimental grates with a 7 per cent. 
air opening. We then thought we had to have a 35 per cent. opening to get the neces- 
sary air to consume the coal burned in our small fireboxes. The fact was that we had 
to put excess coal in in order to clog these very large openings and to keep the fire 
from turning over under the effect of the strong exhaust blast then used. 

We find today that with 14-in. round grate openings we can carry a very thin fire, 
and as the air filters through the small openings in small jets, there is no turning over 
effect and the result is that when a locomotive pulling 100 freight cars heads into a 
siding and the engineer shuts off the steam, we find there is not over 2 in. of fire on the 
grates. The fire is perhaps 15 or 16 in. deep while the engine is in heavy service, but 
it is in a very loose condition; in other words, there is about 16 in. of coal floating 
above the grates by reason of the ingress of these many small streams of air that are 
uniformly distributed over the firebox area. So, the caking problem has disappeared 
in our railways. 


A. C. Firtpner.—Has ash disappeared as a factor? 


E. McAvumrre.—The ash has in a sense dissappared. On the Union Pacific 
Railroad, our 7000 passenger locomotives, employed westbound on a continuously 
ascending run, against the heavy prairie winds experienced in Nebraska and Wyoming, 
run 556 miles without touching the fire, and at the end of that time the measure of 
refuse in the firebox is substantially negligible. Why? Because the complete com- 
bustion effect reduces and so thoroughly incinerates the noncombustible material that 
it is largely carried out through the flues. We have a considerable measure of ash 
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along the railway—so much so that some time ago some of our oil-burning competitors 
criticized the amount of dust that the trains had to pass through in deep cuts. Again 
our people met the situation by oiling the sides of the earth cuts and that 
complaint disappeared. 


G. 8. Ricz, Washington, D. C.—When I was in Iowa, we had coal that made a 
great deal of trouble in the locomotives. They put limestone on the grates in order to 
dispose of the ash, so that it was practically slag. Is that a problem today? 


E. McAvuirre.—That is no longer a problem. In my early days we at times 
shoveled about 500 lb. of crushed limestone on the first fire and that lime, through 
some chemical mixture under high temperature with the iron, gave us a nonfusing 
breakable clinker. That is about all there was to the limestone process. Instead of 
the stuff fusing and filling up the grates and running into the ash pan, it made clink- 
ers that were easily broken. That problem is entirely eliminated today. 


G. S. Ricz.—Perhaps you do not burn any more Iowa coal. 


E. McAu.irre.—We do not, but there are roads that do. Many of our earlier 
locomotive troubles were due to small grate areas, with an excessive rate of fuel con- 
sumption per square foot of grate, limited heating surface and low steam pressures, in 
substance an extremely low factor of efficiency. 


Use Classification of Coal as Applied to the Gas Industry 


By W. H. Futweiter,* PHILADELPHIA, Pa. 


(New York Meeting, February, 1928) 


Tue writer would define the term ‘‘ Use Classification” as a discussion 
of the qualities that coal should possess to fulfill the requirements of the 
industry or process in which it is to be used. The general problem of 
the gas industry is to transform the maximum amount of the thermal 


. energy in coal into a gas of specified quality. 


The qualifications that a coal should possess to be useful in the gas 
industry are complicated by probably a greater number of factors than 
in most industries. The most important of these is the delivered price 
of the coal. . 

While the general problem of the industry is as given above, yet 
the actual problem is the production of gas of a specified quality at the 
minimum cost. The relative cost of coal and the selling prices for the 
residuals which are influenced to a large extent by geographical locations 
are of determining importance as effecting the cost of the gas. 

It is unfortunate that we cannot disassociate cost figures from a dis- 
cussion of the desirable characteristics and this results frequently in the 
use of coal in one location that will be looked upon as quite impossible 
in another location more favorably situated. 

Without going into any discussion of the freight rate problem we 
might merely point out that in general the freight on the coal is equal 
to or greater than the mine price. It must be evident, therefore, that 
price must always be considered in any discussion of the effect of the 
characteristics of a given coal. 


Two CLASsES OF PROCESSES 


In discussing the characteristics of coals for use in the industry, we 
must divide the processes in use into two classes: (1) where the coal is 
destructively distilled at high temperatures resulting in the formation 
of coke in the liberation of gas and by-products, and (2) where the coal 
is consumed by combustion in air or steam with a production of gas and 
by-products leaving only clinker as a residue. The Germans differentiate 
these two types of processes in their words “entgasung”’ and “ vergasung.” 

In the distillation processes, we have the effect of the coal on the 
yield of gas and its quality; the quantity and quality of coke; and the 


* Chemical Engineer, The United Gas Improvement Co. 
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< eS : 
yield of jpyeproduicee: Where gas is to be used as city gas wv 
also take into consideration the effect of the impurities, principall : 
The writer cannot at this time go into a discussion of the effect. of 7 
the physical characteristics of coal on the character of the coke produced, — 
but may point out that except where the coke is to be used for metal- a 
lurgical purposes, the important requirements are that it shall not contain _ 
an excessive amount of ash and the fusing point of this ash shall not be 
below a certain minimum. 


Factors In MANUFACTURE OF CiTy GAS 


The more important factor in the manufacture of city gas is the 
yield and quality of the gas produced. In general, we wish to secure 
the maximum number of B.t.u. in the gas, and abroad, particularly in 
Germany, this is used as a single criterion, convenient laboratory methods 
being now available to determine quite easily the number of B.t.u. 
feet produced per pound of coal, that is, the number of cubic feet of 
gas per pound multiplied by the heating value of this gas taken under 

standard conditions. 

With the present general acceptance of the heating value standard, 
the actual heating value of the gas produced does not become so impor- 
tant a factor as where relatively high values were required when the 
illuminating standard was in use and it appears that practically any 
coal of bituminous rank would yield a gas having a heating value greater 
than 535 B.t.u., which is a figure that appears to be becoming generally 
accepted as a standard. In looking to our requirements, coal should 
have a volatile matter in excess of 30 per cent. to be considered as gas coal. 

While a great deal of work has been done on the effect of the com- 
position of volatile matter in different grades and ranks of coal, yet it 
seemed necessary that some form of gasification test is required to 
integrate the large number of factors that are involved in what appears 
to be a relatively simple test. Under normal conditions, therefore, we 
would expect the gas coal to give at least 3000 B.t.u. feet per pound. 

The yield of other by-products such as tar and ammonia are of 
considerably less importance in the consideration of a suitable coal due 
to the fact that the quantities appear to be dependent to a somewhat 
greater extent on the particular process of carbonization used than on 
the original qualities of the coal. 


IMPURITIES 


The most important impurity, at least from the quality standpoint is 
the ash. Since the ash all remains in the coke and is, therefore, increased 
nearly one-half in the coke, the lower the ash naturally the better quality 
of coke will be produced. Current practice seems to fix the maximum 
limit at 9 to 10 per cent. ash in the coal. 
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The effect of the fusion point of the ash has already been discussed. 


We may point out here that in general the lower the percentage of ash 


the less the effect of the fusing temperature on the resulting clinker so 
that unless the coke is to be used for water gas manufacture, the fusion 
point does not become of great importance. 

However, sulfur is one of the important impurities that must be 
given consideration. Sulfur may exist in the coal in one of a number 
of forms but when the coal is carbonized, while roughly one-half of the 
sulfur remains in the coke, the volatile sulfur occurs as hydrogen sulfide 
and as organic sulfur compounds. 

Hydrogen sulfide can be readily removed by existing methods so 
that the presence of large quantities may result in an increase in the 
size of the purification plant that will be required and this will be reflected 
in a slightly increased operating cost. On the other hand, the presence 
of excessive amounts of fixed or organic sulfur compounds is more 
serious inasmuch as they are not removed by the ordinary forms of 
purification used for the removal of hydrogen sulfide and their removal 
would involve the use of special processes and a considerable increase 
in purification costs. 

While the usual statutory requirements permit 30 gr. of organic 
sulfur compounds per 100 cu. ft. of gas, modern practice is attempting 
to remove these compounds as far as possible. 

The organic sulfur compounds are composed in a large part of carbon 
bisulfide with a relatively small quantity (3 to 9 gr. per 100 cu. ft.) of 
more complicated materials such as carbon oxysulfide, mercaptans 
and thioethers. 

The carbon bisulfide can be removed by treatment with the cata- 
lyst at a suitable temperature when it is broken into hydrogen sul- 
fide, but the other organic compounds are much more refractory and 
usually require special catalysts and relatively high temperatures for 
their transformation. 

It is apparent, therefore, that in many plants, sulfur is a limiting 
factor in the choice of a coal, yet where there is sufficient price differ- 
ential to make the process economic, it is proper today to use coals 
very much higher in sulfur than was formerly considered good prac- 
tice, but as long as we have the supplies of low-sulfur coals that exist 
at present, it probably would be a number of years before there was 
sufficient price differential to result in the use of any large volume of 
high-sulfur coals. 


A. 8S. T. M. Gas Coat SPECIFICATION 


The general practice of the gas industry in the selection of these 
coals is well summed up in the specification for gas coal as proposed by 
the American Society for Testing Materials, which follows: 


1. Gas and coking “ee sae yield both merchantable gas and ae 
in a retort or oven by commercial methods. The type of coals may vary J 
wide limits according to the treatment in the retort and the market for the roducts. — 
These specifications, therefore, merely give the limits within which gas and coking | 
coals will usually fall, and indicate the circumstances under which further Bikocicale! “4 . 
conditions should be apes? 


I. SampLine AND ANALYSIS 


2. The coal shall be sampled in accordance with the Standard Method of ee 
Coal (Serial Designation: D 21) of the American Society for Testing Materials. 

3. Analysis of the coal when required, shall be made in accordance with the Stands 3 
ard Methods of Laboratory Sampling and Analysis of Coal (Serial Desens D 22) ; 
of the American Society for Testing Materials. : 


II. CuemMIcAL AND PHysIcAL PROPERTIES 


The carbon ratio, that is, the ratio of fixed carbon to volatile matter, while not 
entirely reliable, is the best simple index to the behavior of the coal when carbonized 
The carbon ratio in the gas of gas coals will vary from 1.4 to 2.0, and for coking coals 
from 1.4 to 5.0. The latter includes a wide range of coals varying from high volatile 
gas coal to low volatile or ‘“‘smokless”’ coal. 

4. (a) The percentage of moisture in the coal as mined shall be subject to agreement 
by the purchaser and the seller. 

(b) In the absence of a definite agreement between the purchaser and the seller, — 
the mine moisture in the coal as mined shall not exceed 4.0 per cent. The moisture 
shall be determined by the general average composition of coal from the mine in ques- 
tion and an analysis of each shipment shall not be required. 

5. The fusion temperature of ash of coal, the coke from which is intended for 
domestic and industrial use, shall not be below 2200° F. In the case of coke for use in 
the manufacture of water gas, the fusion temperature of the ash of the coal shall 
preferably be higher than 2300° F. The fusion temperature of the ash shall be deter- 
mined in accordance with the method for determination of fusibility of coal ash appear- 
ing in the Standard Methods of Laboratory Sampling and Analysis of Coal (Serial 
Designation: D 22) of the American Society for Testing Materials. 

Note.—The fusion point of ash is not usually important for metallurgical work. It 
is important, however, in the case of coke for domestic and industrial furnace use and 
for the manufacture of water gas. 


SpEcIAL REQUIREMENTS FOR Gas CoALs 


6. Gas coal shall contain not less than 35.0 per cent. of volatile matter when 
determined on the moisture and ash-free basis. 


Note.—This is equivalent to 30.8 per cent. volatile matter for a coal containing 
12.0 per cent. of combined ash and moisture. 

7. In the case of gas coals, the ash in the dry coal shall be not over 9 per cent. 

8. The composition of gas aa shall be such that the dry coal produced therefrom 
will contain not over 1.5 per cent. of sulfur and the resultant gas will contain not more 
than 30 grains of sulfur in the form of compounds other than hydrogen sulfide, per 
100 cu. ft. of gas. 

9. Gas coal shall be such that the coke produced therefrom will be of sufficient size 
and strength to be suitable for domestic use or for the manufacture of water gas. 

Note.—These physical characteristics of coke are not amenable to simple explicit 
definition and must necessarily be left to the judgment of experienced operators. 
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OPERATING Factors 


While these specifications cover what may be called the analytical 
constants of coal, there are a number of factors that are of some impor- 
tance from an operating standpoint. The coal should not slag or 
deteriorate rapidly or be subject to spontaneous combustion on storage 


-as the industry is accustomed to carrying relatively large stores of coal 
_ to insure uninterrupted supply of gas. 


The effect of the size of coal is still subject to a good deal of discussion 
in the industry and while considerable experimental work has been 
done, the question of size is still apparently bound up to some extent 
with the physical characteristics of particular seams. 

In the above discussion we have refrained from mentioning the 
methods of determining the characteristics but may say that while 
laboratory methods of examination are of very great service in making 
preliminary survey, it still appears necessary that the particular coal 
should be tested on a large scale under commercial conditions before 
a final answer can be secured as to its suitability. 

In the second class of processes for the gasification of coal, 7.e., 
those in which the coal is actually consumed in the presence of air and 
steam we find that the operating characteristics of the coal in the fuel 
bed are of primary importance in that since the coal is entirely con- 
sumed, all of the heating value must of necessity go into the gas and 
the quality of the gas is, therefore, rather largely dependable upon the 
way the coal acts in the fuel bed of the apparatus. 

If we restrict this discussion to the use of bituminous poe in water 
gas generators, we find that the most important condition is the manner 
in which the coal reacts as it descends toward the heated zone in the 


fuel bed of the generator. It is necessary that the coal should carbonize 


readily, should pass through the plastic state quickly and apparently 
should not swell on heating. 

While it isevident that in an intermittent operation, such as the manu- 
facture of water gas, during the blasting periods there will evidently be a 
considerable loss in heating value of the volatile constituents of the coal. 
It would be desirable to use a low-volatile coal, yet experience seems to 
indicate that low-volatile coals tend to go to pieces in the fire and result in 
clogging of the fuel bed and reduction in the capacity of the apparatus. 

Evidently, in operations of this type, the existence of low amounts 
of ash is of great advantage although the fusing point of the ash does 
not seem to be as important as where coke is used as a fuel. 


SIZING 


The sizing of the coal, however, appears to be a very important factor 
and this is also intimately connected with the hardness of the coal in 
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that the coal must stand Racist af 
appears to indicate that it is absolutely essential pa 
small coal below 2 in., out of the fuel bed and to work ae 
uniform size lumps as possible. Mm 
This requirement has very seriously restricted the choice of coal aE 2 
cause many coals will not, owing to their nature, crush to the proper size es. 
without a large loss in fines or due to their softness will not stand 
‘transportation. It would appear that the industry needs some hardness _ 
test for coal that will enable us to apply a quantitative fear to the re 
term ‘‘hard.”’ ws 
The question of sulfur in general does not seem to be a very impor- 
tant factor except as it may affect the fusion point and quality of the ash. 
In the choice of coals for use in water gas generators, we are there- 
fore restricted to reasonably high-volatile coals that will not decrepi- 3 
tate in the fuel bed and the best results appear to be obtained with 
the coals that do not swell on heating and which pass quickly through 
the plastic stage. 
Laboratory experiments have not as yet been of very great service 
and we are again confined to full scale operating tests to determine the 
true worth of coal for this purpose. 


DISCUSSION 


J. Keriy, Kayford, W. Va.—What is the percentage of sulfur? 


W. . Futweiter.—I stated that the coal should not give over 30 gr. organic 
sulfur compounds in the gas. Y 


J. Kerty.—How much sulfur is there in it? 


W. H. Fuuweiter.—tThe percentage of total sulfur in the coal does not always 
indicate the quantity of organic sulfur that will be found in the gas. 


H. J. Ross, Pittsburgh, Pa.—I think Mr. Keely wants to know the percentage 
of sulfur in coal which will give, on the average, 30 gr. organic sulfur in the gas. 


W. H. Fuiweiter.—There is no direct method of determining this. Some of the 
sulfur remains in the coke and some of it forms hydrogen sulfide. Therefore, simply 
to state the percentage of total sulfur really does not mean much. 


H. J. Rosz.—lIt has been my observation that 114 per cent. sulfur in the coal will 
give an organic sulfur content of about 30 gr. per 100 cu. ft. of coal gas. That is only 
a rough figure and must be substantiated in each particular case. It is generally true 
that neither gas companies nor blast furnace companies will consider a coal having 
more than 114 per cent. sulfur. 


W. H. Futwemer.—Price however is frequently the deciding factor. At one 
plant we used a coal containing nearly 6 per cent. of sulfur. 
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Classification from the Standpoint of the By-product Coke 
Industry 


By W. H, Biavuvett,* New York, N. Y. 


(New York Meeting, February, 1928) 


TuHE only way in which the difficult problems of classification of coal 
for the manufacture of by-product coke can be solved is to analyze them 
by the use of scientific data. 

It is very easy to adopt classifications for coal for the manufacture of 
by-product coke along certain lines; we can easily say that for a certain 
class of metallurgical operation coke made from bituminous coal must 
not contain more than so much sulfur or more than so much ash and 
should yield certain returns in the by-products, tar, ammonia, benzol, 
gas, etc. Those points we are fairly clear on and I think it is hardly 
worth while to discuss them because I presume that they are familiar to 
most of us who have any occasion either to make coke or to use it. 

But there is a field in the manufacture of coke which we know very 
little about. For example, we are operating a plant on a certain mixture 
of coal. Suddenly our blast-furnace man or the user of the coke tells 
us the coke is not as good as it was before. The coke is analyzed and the 
coal is analyzed. Everything seems to be about the same as it was— 
the ash is the same, there is no more sulfur, and so on—but the coke, for 
the use to which it is put, particularly in the blast furnace, is wrong. 
What happens? The management decide to try a slightly different coal 
mixture. They do not necessarily raise the total hydrocarbons, the 
volatile matter in the mixture, nor change the sulfur or the ash, but they 
do make a change which improves the value of the coke for metallurgical 
use. The reason for this difficulty, as I see it, isthe ‘‘combustibility ” of the 
coke—I hesitate to use the word, but it is the best one I have available. 


CoOMBUSTIBILITY OF COKE 


We know now that the combustibility of coke is a very vital point in 
many metallurgical processes and I think one of the most notable 
instances of the proof of this is the experience of the Carnegie Steel Co. 
in the production of coke at its Clairton plant. The history of that 
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plant is well known. When the sae anae of coke began there many 
the blast-furnace managers of the Carnegie Steel Co. protested. (Iam 


speaking now of a matter of common knowledge rather than making an 


authoritative statement.) Nevertheless, it appeared that the particular 
kind of coke produced was on the whole most advantageous to the steel 
company, and shortly by modifications of the coking process and of 


the blast-furnace practice remarkable results were obtained. As I _ 


analyze the situation, it was due to the fact that although the coke 
looked almost hopeless to many of the superintendents of the blast 

furnaces, it did have qualities—we will call them qualities of combusti- 
- pility for lack of a better term—which made it, after all, an excellent 
blast-furnace fuel. 

We all remember that in the old days, and it is still so in many places 
in Europe, coke had to be very hard, very dense and strong. Many 
of those qualities which we used to think were essential are now giving 
way to a considerable degree at least, to the ability of oxygen to 
combine rapidly with the carbon of the coke, in the tuyere zone of the 
blast furnace. 

I do not think that this is the time for us to discuss classification of 
coals for by-product. coke oven use on the basis of freight rates or on the 
basis of sulfur content or ash content, because it seems as if those factors 
are self-evident, but I do think we have in the qualities of coal mixtures 
which make certain—shall I call them physical?—characteristics a very 
important field, a very vital field, perhaps more important and more vital 


than those which we have been accustomed to regard as routine classifi-_ 


cation points. 

This discussion is very timely because it is related to the discussion at 
another session of this meeting of the Institute, regarding the specifica- 
tions for coal for various purposes; that is, what kind of specifications 
shall the owner of a certain process using coal demand of the producer of 
that coal? I do not believe that we are ready yet to introduce specifica- 
tions that will cover the points I have raised and emphasized. 

Perhaps in investigations along the lines charted by H. J. Rose, we 
may find at least part of the answer to the problem of what classification 
of coal we must ask for from the producer, to give the kind of physical 
structure in coke demanded for any particular metallurgical use. 

R. H. Sweetser has frequently said that every added per cent. of ash 
costs the pig-iron man 30c. per ton of pig iron. That is true, but 
when we see the tremendous increase in the capacity of the furnace such 
as has recently been shownin Germany and in several places in this country, 
we will find that the physical characteristics, which depend on the scien- 
tific classifications, are determined and controlled with equal accuracy and 


that they are more important than any of the chemical classifications with 
which we are all familiar. 


va ee ee eee 


re 


eh nl 


YS ee! OP 


DISCUSSION _ 475— 


DISCUSSION 


H. J. Rosz, Pittsburgh, Pa.—Answering Mr. Blauvelt on the chemical and 
physical tests for evaluating coke and coal: In my work on the study of coke and coal 
by ultimate analysis, the ultimate analysis did not tell the whole story in predicting 
coking value. When we found two coals of different behavior but of apparently 
similar analysis, we set to work to find out the real differences. 

We determined the melting points of the coals, not the melting point of the ash, 
but the melting point of the coal itself. We also tried to determine the coking point, 
because we wanted to find out the temperature range over which the coals were 
plastic. We tried, without much success, to determine just how sticky the coals were, 
from the time they melted until they coked. Coke formation is a matter of blowing 
bubbles in a plastic mass. Cell structure and shrinkage depend to a large extent on 
{these characteristics. In many cases we were able to get a good idea as to why two 
coals of similar chemical analyses showed a different behavior when coked. The - 
results were very encouraging, Ithink. That sort of work has not been developed far 
enough to make it generally useful. There are so many variables in coking that I 
do not know whether we shall ever be able to derive simple rules or formulas for 
evaluating coking properties, but I can say that the results obtained lead us to believe 
that we can untangle these many complex variables, one at a time, and find out why 
coals behave differently. Ten years from now we shall probably know a great deal 
more about them. 

_. There is one point that is often brought up; that is, why can we not get some simple 
laboratory test for evaluating the coking properties of-coal? Why is it that some test 
is not of universal application? 

Anyone who does very much work on coal carbonization finds that the temperature 
and conditions under which coal is heated have an enormous effect on the kind of 
coke produced. I will take an example of that from kitchen technique. Suppose 
that one puts lumps of bread dough into ovens heated to widely different tempera- 
tures. A lump of dough put into an oven that is at just the right temperature for 
baking bread will become a finished product having the proper cell structure and 
texture. Dough put into an oven that is not hot enough will keep on rising until it 
runs over the side of the pan. The same things are true of coal. If coal is heated too 
slowly, it overflows the container and produces a mass of soft, spongy coke. 

On the other hand, a lump of dough put into a red-hot oven would not have time 
to swell very much before it started to char or carbonize; the “‘bread”’ produced would 
be of an entirely different structure; it would be an entirely different product from that 
put in an oven of the proper baking temperature, or from bread made in a cool oven. 
In the same way, depending on the heat in a coke oven, the pressure on the coal, and 
so on, there will be enormous differences in the structure of cokes produced from the 
same coal. 

That is why we cannot get any one test that will tell how coal will behave under all 
conditions. We can imitate in a laboratory with some success any particular coking 
process but we do not have any one test that fits all cases. 


W. H. Buavvett.—Did you ever find it practicable to try a miniature coke oven— 
for example, an electrically heated chamber somewhat similar in shape to an oven— 
to see whether you could duplicate the working condition? 


H. J. Rosr.—We have tried that. We would design something of the kind and 
then decide that the height or length should be greater, and before we got through 
we would decide that we wanted a full-size coke oven. 

We do successfully use a laboratory test on quantities of coal as small as 2 oz. 
when we do not have a large quantity of coal available. In this test we produce a 
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coke that is fairly equivalent in cell structure to the coke that would be produced in 
the by-product oven. From experience we have found that by imitating the progres- 
sive heating in a coke oven, at the proper temperature, we get a coke from which we 
can deduce the coking qualities of coal. However, it is very difficult to produce coke 
on a small scale which is closely equivalent to coke made in regular ovens. 
; One can sit down with paper and pencil and figure out an ideal laboratory appara- 
tus, but it would be too complicated. The flow of heat in the coke oven requires 
from 12 to 18 hr. To imitate that, it is necessary to have two or more shifts of 
chemists regulating heating controls. These tests can be made according to elaborate 
plans, but when they are done one wishes that he had results from a regular coke oven. 
There is no theoretical reason why oven conditions cannot be imitated, but since 
we have coke ovens available, we have always preferred to make full-scale tests. 
They satisfy everybody, both the chemist and the practical man, and do not cost 
much, where the ovens are available. 
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Classification of Coal from the Standpoint of the Steam Power 
~ Consumer 


By S. B. Fuace,* New Yor, N. Y. 


(New York Meeting, February, 1928) 


ADVANCEMENT in the art of burning fuels for steam generation has 
been so marked and so rapid in the last 10 or 15 years that one may well 
hesitate to classify as unsuitable for stationary steam boiler firing any 
material having a fuel value. This statement should not be interpreted 
to mean that any existing boiler plant can successfully utilize any fuel 
with which it might be supplied. It does mean, however, that almost 
without exception it is possible to design and construct stationary boiler 


' plants so that they can be operated with whatever coal is the economic 


supply therefor. 

In considering the subject of the use classification of coals, it must be 
recognized, first, that the suitability or unsuitability of a coal for certain 
uses or conditions may be largely a matter of opinion and, second, that as 
advancement in the art of burning fuels continues, fuels that may have 
been considered unsuitable may later be regarded as entirely suitable. 
This is well illustrated in the creation of a market for slack bituminous 
coal and for the finer sizes of anthracite that resulted from the develop- 
ment of mechanical stokers adapted thereto. Coke breeze is another fuel 
of which large tonnages were formerly wasted, that has now been found 
suitable for use in properly designed furnaces. Again, results that would 
have been thought quite impossible a generation ago are being obtained in 
steam boiler plants today with lignites of high moisture content and with 
coals of excessive ash content. 

It must, however, be admitted that oftentimes an existing boiler plant 
can be successfully operated with only a limited number of the coals that 
are available as possible supplies. We may briefly consider some of the 
more important factors that may affect the suitability of coals for such a 
plant. Insufficient or barely sufficient draft to meet peak steam demands 
is often a limiting factor, and the permissible frequency of fire-cleaning 
periods is another. In some cases, the action of the molten coal ash on 
refractory furnace linings prohibits or makes inadvisable the use of certain 
coals. Again, clinker conditions in the fuel bed or slag conditions on the 
boiler-heating surface may be much worse with some coals than with 
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others. Labor conditions in the plant or in the sommes ust s¢ 
times be given considerable weight in determining what is the proper 
to select. Obviously, the furnace design, as well as the type, size and — = 
condition of the fuel-burning equipment, will be factors, and they may be ‘ 
the chief ones affecting the suitability of a coal. Bearing in mind that 

any number of these factors may enter into the problem of fuel selection “2 
for a specific plant, we may outline in a general way for different types of a 
fuel-burning equipment commonly used in steam power generation what Sas 
should be the characteristics of coals that may be called suitable therefor. 


HAND-FIRED FURNACES 


For hand-fired boilers, any coal from an anthracite to a lignite, or even 
peat, must be tentatively classified as suitable, but differing furnace 
designs would be provided for the different classes of coals. There must, 
of course, be the proper interrelation between draft, size of coal and steam 
demand. In view of the labor of hand-cleaning of fires, a low ash content 
coal is preferable but under certain conditions an ash content of even 25 
to 30 per cent. may be permissible. The higher the ash-fusing tempera- 
ture, the less will be the clinkering troubles. Ordinarily, serious clinker 
difficulties should not be encountered if the ash-fusing temperature is 
above 2200° F., but increasing degree of trouble may be expected as 
temperatures fall below this figure. However, coals with ash-fusing tem- 
peratures as low as 1900 °F., are being used and may be the proper selec- 
tions under some conditions. In communities where smokeless or com- 
paratively smokeless operation is a necessity, high-volatile bituminous 
coals will not be suitable unless the furnace has been designed for such 
coals and the firing is well done. 


STOKER-FIRED FURNACES 


Traveling grate mechanical stokers are successfully burning a wide 
range of coals, and for the firing of boilers so equipped, most of the coals 
from lignites to anthracites may be considered suitable, with the excep- 
tion of low-volatile semibituminous coals. However, furnace designs 
adapted to the particular type of fuel to be burned must be provided, if 
satisfactory results are to be obtained. With this type of stoker, coals of 
high ash content—even up to 30 per cent.—may often be utilized without 
serious operating difficulty; in fact, trouble is more likely to occur with 
coals of very low ash content as the refuse therefrom affords inadequate 
protection for the grate surface and the links or keys usually overheat. 
The success of this type of stoker in burning coals of low ash-fusing tem- 


perature has been conspicuous, so that practically no limitation need be 
imposed in this respect. 
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The underfeed piv castoa ripped! boies plant may utilize semianthra- 
cites, semibituminous or bituminous coals, or lignites if the furnace has 
been properly designed for the selected type of coal, although this type of 
stoker was originally designed for and is best adapted to caking coals of 
moderate or low ash content. Installations are in operation, however, 
where coals of relatively high ash content with ash-fusing temperatures 
somewhat below 2000 °F., are being successfully burned. Naturally 
coals with less fusible ash ae less likely to give trouble than the type just 
referred to. Size of coal affects suitability somewhat, especially with coals 
of the semibituminous type. Too high a percentage of finely disinte- 
grated coal limits the boiler output and also affects efficiency. 


POWDERED COAL 


Before much experience had been gained in the burning of coals in 
powdered form in boiler furnaces, it was a common opinion that the 
adoption of this method of combustion in steam generation would broaden 


' the list of available and suitable coals in much the same way that the 


mechanical stoker had changed the situation as compared with hand-fired 
conditions. Such has not proved to be the case, however, and especially 
when the economic aspects of coal selection are considered, it may in many 
cases prove advisable to use only the better grades of the available coals. 


_ For instance, a lower grade coal that may figure out cheaper on the basis 


of delivered B.t.u. per cent. may actually cost as much or more per million 
B.t.u. when the cost of preparation is taken into account. Although it is 
a fact that almost every type of coal from anthracite to lignite is being 
burned in powdered form in boiler furnaces, the designs of these furnaces 
must be worked out more thoroughly and exactly if successful operation 
is to be assured, than in the case of stoker-fired furnaces. The reason for 


- this may not be apparent at first but will be more readily perceived when 


one remembers how easily and instantaneously the rate of coal feed to a 
furnace may be increased or its temperature raised. Changes in pow- 
dered fuel furnaces take place much more quickly than in stoker-fired or 
hand-fired furnaces and the designer must take full account of this fact. 
The use of water-cooled surfaces for the sides or bottom of powdered coal 
furnaces has shown a marked increase, as only thereby can the proba- 
bility of operating troubles from molten ash be avoided. Even with such 
water-cooling, some engineers have preferred to arrange for melting and 
drawing off periodically in molten form the ash that.accumulates in the 
furnace bottom, than to endeavor to prevent the fusing. 


SUMMARY 


Summarizing the matter for pulverized fuel furnaces, it may be said 
that although practically every type of coal can be burned, the difficulties 
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ate rates of Shaan unless high ma IRES: of excess air 

should be noted, however, that the type of burner used and the m net. 

of admitting air for combustion, as well as the temperature of this 

to a large extent affect the suitability of certain fuels. , 

From what has been stated in the foregoing paragraphs, it is evident 

i that no hard and fast rules can be formulated for a use classification of 

- coals for steam generation. If the limitations of an existing boiler plant — 

are sufficiently well known, however, and the principal characteristics of — 

| the available coals can be accurately ascertained, one can with a fair 

degree of certainty classify these coals as to their suitability for use in f 

that plant. In the case of a new boiler plant, the problem is one of 

studying the characteristics of the various fuels available and deciding in — 

view of their comparative delivered costs which will probably be the oe 

economic supply; then the station design must be worked out so as to give | 

with this fuel not only efficient operation but a minimum of operat- 
ing troubles. 
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Classification of Coal from the Standpoint of the Coal 
Statistician 


By F. G. Tryon,* Ae Reerecrene 1D A Ok 


(New York Meeting, February, 1928) 


Tuis paper treats only of the practicability of introducing a standard 
classification into the records of production and distribution of coal which 
we try to keep in the Bureau of Mines. 

From the point of view of gathering and analyzing statistics, the 
requirements of a satisfactory classification are that it shall be so definite 
as to eliminate the factor of arbitrary judgment, that it shall be reason- 
ably simple and, finally, and most important, that it shall be understand- 
able to the trade. In other words, to be woven in the statistical record it 
must be adapted to the raw material which flows in from the 7000-odd 
mines that produce the coal. The success of any scheme of classification, 
from the point of view of use, will depend largely on the degree to which it 
utilizes the accumulated experience of the trade and employs as far as 
may be possible the accepted trade designations. The experience of the 
Tidewater Coal Exchange during the war would be an excellent point of 
departure for a use classification of the coals of the Eastern Appalachians. 
Although the exchange long since passed out of existence, coal is still 
quoted and sold by the old pool numbers, and they have shown rather 
extraordinary vitality. 

Some years ago, in the Geological Survey, the experiment was tried of 
getting operators to classify their own coal by offering them a list of stand- 
ard designations on the annual statistical questionnaire. ‘The results 
were more amusing than informative. What with the confusion in 
terminology and the natural temptation to put one’s best foot foremost, 
there was a general tendency to grade up the quality. Floods of semi- 
bituminous coal flowed in from many sources, millions of tons from 
districts where not a pound of that quality has ever been produced. 
The producers of semianthracite in Arkansas almost without exception 
would report their product as anthracite and their neighbors in the little 
Paris field, producing a fine blocky house coal averaging about 17 per cent. 
volatile, would say, ‘‘Our coal isn’t anthracite; it’s a semianthracite.”’ 
Finally we discontinued the publication of those data as being more 
misleading than helpful. 
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CLASSIFICATION lates 


Our Meee attitude is one of watchful aes anil expect 
when a classification can be devised which will be generally ac 
shall have to make that a condition) we will introduce it in the s statis 
record with great joy. hae ah 
In the meantime, we can carry along certain specific tasks rial 2 : 
point in that direction. One of them is to make more precise the basis of 
geographical classification which we now employ. 3 : a 
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CLASSIFICATION BY COUNTIES ees 
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At present we limit ourselves largely to giving data by counties. A 
county can, of course, be exactly defined. The defect of the county | 
classification is that it frequently ignores geological conditions. In 
Fayette County, West Virginia, to take a conspicuous example, the coal 
is partly high volatile and partly low volatile and the statistics for the 
county are a composite of sharply differing coals. To get around that 
difficulty we have begun to regroup the figures by districts, showing for 
example the New River and Kanawha fields, but even this is unsatis- 
factory because the district boundaries are often drawn quite as much 
with reference to labor conditions or freight rates as Nee reference to the 
quality of the coal. 

In the same way it would be possible to group the statistical records 
according to some standard map, such as the isovol map of Pennsylvania 
prepared by Sisler,! which classifies coals by volatile matter. With the 
map as a base we could show the production of mines lying between 
specified isovols. 

More important in building for the future is the card record which we 
keep of the production of the individual mines. We have a card for every 
mine in the country giving data which run back about 20 years, and it is 
possible to throw those cards into a new grouping; so when the classifiea- 
tion arrives at the point where it can be applied, it will be feasible to 
allocate these tonnages by classes and show not only the future but 
enough of the past production to indicate the rate of growth and the trend. 


: 


STATISTICS ON SIZES 


Finally, we can do something with the related question of sizes. Our 
friends in the anthracite region find that of all the material published by 
the Bureau perhaps the most useful is the relative percentage of each size 
shipped and the average sales realization on each. So far nothing has 


1J. D. Sisler: Volatile Matter in Pennsylvania Coals. Penn. Topographic and 
Geol. Surv. Bull. 81. 
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fee Georges, Creek... 00... 66.2 Sooo Ras es, Oe aa 12 88 
4 PERE OUOMAG hoje ass Leh eden ede eee 100 
. ; State Total. 7G... Re ee iy Sere 4 ? 96 
is Michigan: _ 
oe: "State of Michigan................. AME Sa savas 37 40 23 
“Missouri: 
IDE Save ela as ie S GUO E a Oath nes ae 68 11 21 
, Mexia g bias cee ie regia cfolen nee stecashers gets Mstgsilet s.bus 88 10 2 
: Tinn-Putnam County... 2 enero cones nee a 19 75 6 
oo INIONGCET TIE ple GRE AM cD nero hice Colon Cine aaea oleae 72 ee 25 
, URIGES ale oy od ollie OREN Oe oer eta ub etic eiecn enEnO UND Dior Pek a Sacar es 61 12 27 
RE ROMO Gatlin gee stematts ate SMDME AGING todos arFic sue tues 69 15 16 
a Montana: 
: areola De cas eae MeresectReRe a igh Pawel ae S 50 37 13 
; MTT i ete AG eee ae ya ida Mijas ceteierela eats 83 6 11 
_ aw BRN 1G [ee eee ne SN, fe ee Ee Re eee 50 37 13 
; New Mexico: 
- BRUNA RO re pisne ener ieriyr cpa) e sere -eyetens edie. a0 BEE, s gicus 11 89 
ROCCE a ised erate ni a secleMS ca plee 51 8 41 
z Gallup en ce Ne hare ton Oates ely ans sy het 71 9 20 
4 UA UO Lie isis ott Cte lars eatetl ates ao.2 45 15 40 
4 Rha att Ae MNES on GSDODE De EC On Ione Ere 48 16 36 
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TaBLe 1.—(Continued) 


U.S. Fuel Administration Price District 


North Dakota: | 
State GEN, Dialeotaecd- tak 2 nian 2 aunties ait ate 


Pomeroy RE cao ne acer ear ccna | 


Oklahoma: 
Ne 


Pennsylvania: 
Certtrall.. «So te fice dtr stele: al aenre Gotoh sche Be apo t ceee are | 
Southwestern Pennsylvania................-.-- 

State: Vota. ose sale rerccusraustaveles ose, ste spore a) sveuels 

Tennessee: 

Biwe*Giemn oii. oe... 5 ey oyeyateace aie fare alta, tens Paes gas 


DOLIGON ois. heaves cts ote ele her diacaremeie eee eagles tere 
WeatiPennessee. ..v..%atbve cs ste tlsinta alel ae the tans 
State Lotals oe creak ens ssus, ate ave vaste theta es ee 
Texas: 
IB TU WUINITIOUG aac eee os tees Glee sca eee oe hate 
DN EIIGE Screed cas eaerore tot uane Sac as oe Atte EAE ae ae 


Utah: 

Staterof Utabisi-3.5ic neces eee anes create 
Virginia: 

PROVEN TR ao bint oot agmocm dopa ad cae Spe to 


Southwestern 2.2/0... claw s:sislelefersicl ene Siettaie sass, wakes 
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State Doteasy. ciapsesutieneiecv oye cess -aealeratetelete: sretuan eras | 
Ripening ee 


Rosly. Bessa ayant bien stale cor al ste Teena oes 


West Virginia: 
Coal and! Cokes is.0%,5 sare on bide canoe re 
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GOAN cists, oe 'dp0)0.6 nino vied oars ah Sane ie ete eee 


Uppert Potomac. sic: clatter. te on crete ear oe eee 
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Wyoming: 
No. 1 
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“of the Sire was Soria up for ae Tigers ennuen a an : 
Pui ‘Administration in connection with the fixing of maximum > 
. The result, for the United States showed 54 per cent. run-o of-mine, 


In cient ee me s say that we are abet anxious to receive mre ae 
Eeshe itera Ee to the possible grouping of the statistical data. For 


Closer Cooperation between Sc tists a 


eats : 
“DISCUSSION — ¥ ee 
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(New York Meeting, ea 1028) 


mind ae the aoe of this mieatae AS that is that the scientific ead 
men must recognize very clearly their interdependence. The value of scientific « ela 


men. Is not the scientific investigation and the eont amount of work that is being 
done in a measure at least lost to the world? nm ek 

Therefore the scientific investigations and the proatical needs of abe users iia Se 
be brought as close together, and the work should be done as closely together, a aa: hie 
possible; that is, the scientific man should know what the practical man needs, and the Bas 
practical man should not feel that the scientific man is merely a theorist. \ 

Scientific investigation is going to have a great effect and be of great value to the 
practical man who is trying to solve his problems. In the subject which I discussed, _ 
for instance, we must look to the scientific man to tell us why coal cokes in one way and 
not in another and why certain coals will do certain things and others, which appear 
on the surface to be generally similar, do not act in the same way. 


of 
‘ 
NeEEep oF PuysicaL Data on Coat S 


H. J. Rosg, Pittsburgh, Pa.—There is a subject which is a sort of pebbee of mine; 
_that is, the need. for what might be called critical tables of constants for coal. 

The chemist has big volumes giving constants, such as the density, solubility, 2 
specific heat, thermal conductivity and all other piveieal and chemical data that have 
been determined for chemical compounds. Data are also available on many common 
materials, for example, the density, hardness, modulus of rupture or maximum crush- 
ing strength of swamp white oak as compared with some other wood. In fact, physical 
data for practically every type of wood commercially produced in the world can be 
found. In the same way the metallurgical man has handbooks giving the properties 
of alloys, etc., but we have very little tabulated information about coal. 

Our manne reference works are the volumes published by the.U. 8. Bureau of 
Mines on the proximate and ultimate analysis and calorific values of coals of the 
United States. That is a pioneer work of enormous value, but we have reached the 
point where we need more diversified information. Mr. Fulweiler raised the question 
of the relative strength of the different coals and cokes. Dr. Campbell and Dr. 
Ashley wanted to have some information on the resistance of coal to air slacking. 
_ It was brought out in the discussion that we want to know something about the coking 
properties of coal. There are any number of physical tests that we need, such as the 
thermal conductivity of certain coals, the coefficient of expansion, or the coefficient * 
of friction; or other constants. A smattering of such information is scattered through 
the hiemane for instance, a research worker in Wales will report a coefficient of 
expansion on Welsh coals and one in South Africa will report something else for one 
or two kinds of African coals, but it is difficult to find the information that is needed 
on our own coals. Would it not be worth while to consider collecting reliable critical 


1 See page 473. 
486 


Gs DISCUSSION 


data in some convenient form? The information would have to be carefully selected. 
We could not include everything we have because it would be a hodgepodge. 

The Bureau of Mines in its early work published a couple of papers on the volatile 
matter of coal, which are a mine of information. Perhaps we could take fresh samples 
of the same coals and make every chemical and physical test that we know, and 
publish the combined information (with the methods used) as an example of what — 
can be done, and as an inducement to others to make similar determinations on coals 
in which they are interested. | 


E. McAuuirrn, Omaha, Neb.—As a so-called practical man I want to express 
my satisfaction in the scientific papers read and discussed this morning. I have 
been charged with being overcritical of the coal industry; as saying that we are 
definitely lacking in technique and that we are not sympathetic with the scientific 
work that has been extended to us from time to time. In the matter of mine 
explosives, without question, the research work conducted under the direction of the 
U.S. Bureau of Mines, has saved thousands of lives in American mines. 

We cannot, of course, get away from the dollar and cent side. If we were more 
sympathetic with the work of the scientists we undoubtedly would earn our dollars 
more easily and perhaps earn more of them. I hope that I will not fail to express my 
appreciation of the work that has been done by the scientific men when opportunity 


offers. Our industry is distinctly behind other industries that are quite as difficult 


of management and control. The steel industry has carried on much research work, 
so has the oil industry and many of the manufacturing industries. They have all 
gone far beyond any point we have reached, and yet we have some tremendously 
elusive questions yet to be answered. 


i VouumME or FuEL RESEARCH 


A. C. Fretpner, Pittsburgh, Pa.—It is true, as Mr. Rose points out, that funda- 
mental research work on coal is conducted on far too small a scale in this country. 
During the last two years, I prepared the chapters on “Coal, Coke and Gaseous Fuels”’ 
for the Annual Survey of American Chemistry, published by the National Research 
Council. In preparing this chapter, I had occasion to make an estimate of the relative 
amount of fuel research conducted in America, Great Britain, Germany and France. 
In order to obtain some idea of its amount, I took as a criterion the number of papers 
from each country containing experimental data on the subject of coal (including 
lignite and peat) and its products—gas, coke and by-products—given in the Fuel 
Section of Chemical Abstracts for the calendar year 1926. The results of this study 
were as follows: 


Total Total Number of 

Number of | Population of |} Papers per 
Country Papers for Country, Million 

Millions* Population 
LEU PAG RASTER. Sle Le, crageeies circa ar Acc Sener eas 104 117 0.88 
Re IIA S a ay fol ety. eT Sain MNES Aline s Eales es 103 | 62 1.66 
Creat MTA tses Pde kame on ne Oiees Syed 85 36 2.36 
DIRS Sidhe se, Be cnr nee GRRE So Gob ters nce eee 31 39 | 0.80 


* 1926, according to World Almanac for 1927. 


If we accept this criterion on a per capita basis the United Kingdom leads in coal 
and gas research, with Germany next and America and France considerably in 
the rear. 

A further comparison with regard to the nature of the papers shows that the 
European countries are in the lead of the United States in fundamental research on 


ammonia and pecs bales 


on 15 years ago. Also, ie Bureau’s fuel-testing appropriation was rt, for. 


director, considered it essential to have first of all a knowledge of the constitution and 


oie iy 
ation’ oe of one ety the nrashona of chemi 


Manes the ‘University of Illinois, eas a ion pee slated. sieht: in univel 
industrial laboratories. I must admit frankly that the amount of fund: 
research on coal conducted by the Bureau of Mines has been steadily deer ry 
the Bureau first entered this field. This is due to the fact that the amount oF 
available for this work has romaine’ the same ever since its EPO, 


analysis and testing of coals belonging to and for the use of the United States Govern- 
ment, consequently the major part of it is being absorbed by this constantly PRES ei 
routine work for the Government itself. 


Earty Worx or U. S. BuREAU or MINES & (= ae 


In the early days of the Bureau, the amount was large enough so that a considerable 
proportion could be used in a broad interpretation of the act. Dr. Holmes, the first — 


properties of the various coals of the United States, in order that they might be utilized ‘ 


most efficiently. The constitution of coal was attacked by three different methods = 


and the organization formed to conduct these researches was headed by a triumvirate 
consisting of Dr. J. C. W. Fraser, who undertook the study of the constitution of coal 
by methods of resolution by solvents, Dr. H. C. Porter, who attacked the same P 
problem through a study of the volatile matter in coal and the products of destructive 4 
distillation, and Dr. Reinhardt Thiessen, paleobotanist, who studied the origin of ] 
coal and its constitution with the use of the microscope and other means. 

Dr. Thiessen is the only surviving member in the Bureau of this group. | His 
work has been of outstanding value and he is a recognized world leader in his field. I a 
believe that if the other two investigators had been able to continue their particular 
lines of investigation with adequate support within the Bureau, that we would now be 
occupying the leading position in research on coal constitution which we must grant 
to Dr. Wheeler and his organization. 

Dr. Thiessen has carried on his work in the face of considerable disappointments. na 
It is only recently that industry has begun to recognize the value of his research. 
Practically all of his work was done without any assistance. During the last few 
years, ‘‘fellows” have occasionally done their graduate work under Dr. Thiessen’s 
direction. These fellowships have materially increased his output. However, he has 
ideas enough to keep half a dozen men going. I wish that some means were available 
to place more research assistants at his disposal. 


H. J. Rosu.—I believe every coal technologist will agree that those early papers 
put out by the U.S. Bureau of Mines on such matters as the volatile matter of coal 
have been of great and permanent value. Only yesterday a technical man who had a 
serious problem in coal carbonization asked me some pointed questions. I said, ‘If 
my-memory is correct, you will find in Technical Paper No. 1, the exact tafortnaheen 
you want regarding the composition of the volatile matter coming from coal at various 
temperatures.” He was prepared to spend thousands of dollars for that information 
and it was all there for him. Time and time again we have gone back to those papers 
and have found information that was useful. It is a matter of great regret to me that 


the Bureau of Mines has been unable to keep up the production of that high-grade 
basic work on the properties of coal. 


ety 
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Natural Groups of Coal and Allied Fuels 


By Martius R. Campseiu,* WasuincTon, D. C. 


(New York Meeting, February, 1930) 


Coat is the geological product of entombed vegetal tissues. This 
view of its origin led Stopes and Wheeler to define it as ‘‘mummified 
plants.”’ They evidently intended this term to be used in a broad way 
and to mean the preservation of the organic material, as such, regard- 
less of the means employed to accomplish the purpose. The term ‘‘coal’”’ 
should be regarded, therefore, as broadly generic, and applicable to 
all accumulations of vegetal tissues as soon as they are covered and 
protected either by water or by earthy material. In this sense peat 
should be regarded as the first stage of coal formation and the term coal 
should include the resultant products of transformation in all other 
stages of the process until they have lost all resemblance to the original 
matter from which they were derived. 

If this’idea of the development of coal is accepted and it is admitted, 
as the geologists claim, that the forces which produced this transforma- 


tion of the coal have. been active since vegetation began to grow upon 


the land, and are still in operation, it is obvious that somewhere in the 
world there are all gradations of this material from peat just forming 


- in the swamps of today to graphitic anthracite which presumably marks 


the most advanced stage that can be recognized with certainty as belong- 
ing to the series. Some of these coals, particularly those occurring 
in the upper part of the series, are fairly well known because they are the 
ones that are most widely distributed and have been mined and utilized 
most extensively. On the other hand, the coals in the lower part of the 
series are but little known because they are not so abundant and, owing 
to their relative inefficiency, have been only slightly exploited and 
utilized, especially in regions where the better coals are abundant. The 


result of these conditions is that much research work has been done on 


coals of the higher ranks and a great body of facts regarding their physical 
and chemical properties and the uses to which they are best adapted has 
been accumulated, but little information is available regarding the coals 
of the lower ranks. 

Many able scientists, particularly chemists, have attempted to bring 
some order of the chaos of coals of various compositions and uses by 


* Published by permission of the Director of the U. 8. Geological Survey. 
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dividing them into groups, but so far none of these ee 
entirely successful. The question naturally arises as to why t' 
not succeeded, and work of the present commute on the clasificat 


clearly understood. As the writer views the situation, ‘the pines of ir 
the previous propositions for the general classification of coal may be 
listed under five heads, as follows: 2, 

1. Failure to recognize that rock metamorphism is the cause of ‘aa 


most of the characteristic differences in coal and, eras that this ce ‘s 
should be the prime factor in its classification. i 
2. Lack of understanding of the physical and chemical properties BR. 


of the low-rank coal, and lack of differentiation of the properties that = 
presumably will always affect their transportation and use from those = 
which have merely a transient value. 

3. Limitation of a scheme of classification to a part only of the 
general series. A 

4. Basing a classification on a scheme so complex that it can be under- 
stood only by an expert chemist or mathematician. 

5. Indifference of the producers of coal, the dealers in coal, and the 
general public to the need of a standard classification. 


MATERIALS TO BE CLASSIFIED _ 


We should profit by the mistakes of the past and realize that it is 
hopeless to undertake to classify things until we know what those things 
really are. We must not only study the materials themselves, but we 
should study the relation of one kind of material to another to see if 
there are not some natural resemblances and differences which will serve 
asa basis for the establishment of groups and also for the arrangement 
of the groups into a logical sequence that agrees with the progressive 
transformation of the material. In doing this we must disregard, to a 
certain extent, present usage, because usage is a variable factor, changing 
from day to day and year to year; but we must look for inherent prop- 
erties which, so far as we can determine, will always affect the value 
of the coal, no matter how it may be used. 

We must remember that any division we attempt to make into classes 
or groups is artificial. Nature made no such divisions, hence we shall 
constantly encounter difficulties in separating one coal from another, 
but even though divisions are arbitrarily made and may be subject 
to severe criticism, it is better to make the attempt than to sit idly by and 
say that because a classification is difficult to make and defend it should 
not be undertaken. Any reasonable one is better than nothing, provided 
it is simple and can be understood by those who use it, or are affected 
by it. 
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It is the writer’s belief that we need to recognize divisions having 


_ three orders of magnitude, as follows: (1) Major divisions called groups; 


(2) minor divisions of the groups into classes: (3) a subdivision of classes 
into types. Such a threefold division enables one to show not only 
broad resemblances and differences but also those of lesser magnitude 
which pertain only to subordinate classes or types. This gives a 
classification which is much more useful than one based entirely on 
divisions of a single order of magnitude. 


Division INTO Groups AND CLASSES 


In accord with the idea expressed above, the writer proposes to 
divide all coals into four great groups; some have long been recognized 
but others are new, or are old groups or classes rearranged and given new 
names. In this paper the treatment of all groups and classes will be 
in the order of their development from lower to higher ranks, beginning 
with peat and ending with the most highly metamorphosed forms that 
have been recognized. The four great groups mentioned are: (1) brown- 
coal group, (2) hydrobituminous group, (3) bituminous group, and (4) 
anthracite group. 


BROWNCOAL GROUP 


Under this head the writer would include all of the earlier stages 
of coal formation, beginning with peat and ending with the most highly 
developed form of lignite with which we are familiar. All of these 
forms are characterized by three features which link them together into 
one great group. ‘These features are: (a) extremely high percentage of 
moisture, ranging from about 90 per cent. in peat down to about 27 per 
cent. in high-rank lignite; (b) generally brown color; and (c) their lack 
of the physical properties of what may be regarded as a true coal; hence 
they represent the incipient stage of coal formation. The term ‘‘brown- 


- goal’ is selected as the name of the group because this color is more or less 


characteristic of the elements composing it, and also because this term 
carries no implication as to the chemical or physical properties of these 
elements. In the United States only two classes of this kind of coal 
have been recognized—peat and lignite—but it is maintained by many 
that the German braunkohle (browncoal) represents a phase intermediate 
in character between them. If this is true it should be recognized in any 
general scheme of classification. On this assumption the browncoal 


1 The term “type” has been adopted by the Committee on Coal Classification to 
designate certain coals of which the distinguishing characteristics are due not to 
metamorphism but to some peculiarity in ‘the vegetal matter from which the coal 


was derived. 
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As ihe process of coal formation aa hind ee vegeta 
covered ae the acidulated water ue a pec gt the see ! 
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“As the writer is not familiar with 4his inaterial. he will net prea) tor” ee 
describe it or to assign it a definite place in the orderly metamorphism — * 
of vegetal tissues into coal. It may or may not denen to be conden ae > 
as a distinctive class in this group. ' ™ 
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~ Class C—Lignite . 


The writer does not believe that the term ‘‘lignite” is an appropriate o 
one to apply to this class, because the term means simply “woody,” cs 
and the coals of this class are no more woody than many others, and 
those that are included in it are not prevailingly woody. He is using ; 
the term because of its common application to coals of this class and 
because he does not know of a better term to supplant it. 

Lignite is simply a peat that has been compressed, mainly by the 
weight of superincumbent earthy material, which has been deposited on 
the peat swamp; consequently it differs little from the material from 
which it was derived. It is generally brown in color; in places it consists 
entirely of logs of wood and in others of a fat waxy mass which has much’ 
the appearance of dark clay. The former is the woody lignite type 
and the latter is the incipient cannel type. The brown color holds until 
the moisture content is reduced to about 27 per cent. and beyond this 
point there is a gradual transition into the glossy black coal of the next 
higher group. Lignite slacks when exposed to the weather and will 
readily oxidize and take fire spontaneously. 

Lignite occurs in abundance in North Dakota, South Dakota and 
eastern Montana, the beds in places being as much as 35 ft. thick. It 
is present in untold amounts on the Gulf Coastal Plain in Texas, Ar- 
kansas, Mississippi and probably in Alabama. It is mined commercially 
in the Dakotas, Montana, Colorado and Texas. It also occurs sporadi- 
cally in other parts of the country, but in limited areas which at present 
have no commercial value. 


ent tof ie See ies sie iceotiits feist Wootters nee Hoyts of 
as and Ione of California. These are either incipient cannels or 
eee in kgectacanetie between the woody lignites and oe 


O Goose uses in the future, it is desirable that they shauna be pe: 


2 ae nized as a distinct type of ihe lignite class. 
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TABLE 1.—Analyses of Iignite Coals 


ee A, As-received Basis; B, 8 per cent. Ash Basis 
Moisture pale! . B.t.u. 
___| Volatile | Fixed Ash F oars, 
; Matter | Carbon A 
Aes B A A A B 

Hebron, N. D.......... OTe t 28-64 ata) 0.2 |, 00.6 «| 1180 e-7a60 
Bemis Ne Lee 2 cr: Bias. esos a 20.9 Nao.) 5.3 | 7460 | 7250 
Wootters, Tex) 2)... 09)°°3815°1° 34.67 39.5 | 16.3) 10.7 "| 7140 | 7350 
_ Glendive, Mont Sen = =| 84.9 | 34.9 43.5 1Sa6" fete I 6980 6990 
iBirtclc, @OlG.- wk ey) oh OO- 0) 86 0) le 26,8 28.20 1025. |), 6650) 719 6840 
MO OK ee Sa! ny org 36.8-| 36.1 | 28.9.|' 28.1 6.2 | 7100 | 6960 
PER GET SCAT 50s Geotrust 39.5 | 41.6 25.3 22.6 12.6 5880 6190 
Watliston,N. ee. e es 44.6 | 438.0 24.3 26.5 4.6 6120 5900 
Opheim, Mont.......... 45.8 | 45.0 22.5 24.6 @ oa! 5470 5420 
Tones Caliticrytm Ashita 45.8 | 45.6 | 30.8 LS Sial WHE. 6060 6030 
Ietormn, MIS. fischer 2 48.8 | 47.7 24.2 2 2allen Os 5570 5410 


HypROBITUMINOUS GROUP 


This term, if one may use such a hybrid, is proposed for the great 


group of coals next in rank in above the browncoal group. If one studies 


carefully the analyses of the low-rank coals he will see that a great 
moisture content is their distinguishing feature and that this element 


decreases in amount gradually from peat at nearly 90 per cent. until it 


reaches about 5 per cent. near the base of the so-called bituminous coals. 
Above this point, moisture, although always present, is in such a small 
amount as to be negligible in the classification of coal into groups and 
classes. The coals in the lowest group characterized by high moisture 
are generally known as lignites or browncoals because of their lack of 
metamorphism, consequently in the naming of the group the term brown- 
coal was retained as being best known and thoroughly distinctive. The 
coals lying next higher in the series resemble lignite in their high moisture 
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sealg aasanhton as Biomater “‘Vihaisets ‘it mena to 
advisable to select some new term to express the fact that these 
closely related to, if not an integral part of, the bituminous coals, 
the same time to imply that they contain an unusually high percentag 
moisture. The term “hydrobituminous” seemed to satisfy both of — 
these conditions, consequently is proposed for them. As thus defined, | cn 3 4 
the hydrobituminous group contains two clearly differentiated classes; - ‘ 
a lower class characterized by a high moisture content and rapid slacking Re: 
of the coal when exposed to the weather, and an upper class which 

is only slightly affected by the weather and is closely allied to the coals _ 
_ of the bituminous group above. D 
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Class A—High-moisture Coal 


This class includes the coals next higher in rank than lignite, or Class 
C of the browncoal group, consequently its base must be the same as 
the upper limit of the lignite class which, as given on a previous page, 
has a moisture content of 27 per cent. The upper limit is not so easily 
determined, as the slacking property dies out gradually upward as the 
moisture content diminishes. A careful comparison of many analyses, 
aided by a personal knowledge of these coals in the field, has led the writer 
to believe that slacking ceases to be an objectionable feature at the point 
where the coals have a moisture content of 13.5 per cent. He realizes 
that more data coupled with a personal examination of the coals now 
being mined in the debatable districts might lead to a change of a few 
per cent., but does not believe that the change would seriously affect 
his general conclusions. 

The coals of Class C of the browncoal group pass by insensible grada- 
tions from brown to black into Class A of the hydrobituminous group. 
The line already described as separating them is an arbitrary one but, so 
far as the writer is aware, does not do injustice to any coal. The upper 
limit of Class A of the hydrobituminous group is not so easily settled, as 
more of the coals near the proposed dividing line are on the market and 
any change in their classification might affect them seriously. Because of 
that fact the upper limit of Class A should be carefully considered. Anal- 
yses of some of the better known coals of Class A are given in Table 2. 
In this table the moisture is given in the as-received form and also as 
recalculated on the basis of all coals having an ash content of 5 per cent. 
In the latter form the moisture content ranges from 10.5 to 30.8 per cent. 
All of these coals have been classed by the U. S. Geological Survey as 
subbituminous, except the coal from Superior, Wyo., which is undoubtedly 
a bituminous coal—as this term has been applied in the past. In other 
words, all of the coals listed, except that from Superior, will slack on 
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exposure, whereas the Superior coal does not slack under any ordinary 


condition. Ifthe upper limit of Class A were drawn at a moisture content 
of 10 per cent., the Superior coal would be assigned to the lower class 


whereas it is universally regarded as superior to the other coals listed. 


TABLE 2.—Analyses of Coals In or Near Class A, Hydrobituminous Group 
(A, As-received Basis; B, Ash Content of 5 Per Cent.) 


Moisture Volatile) Fixed pr B.t.u. 
| ———| Matter | Carbon i 

‘A B A A A B 
Hanna Wyor.t sls... 10:5 | 10.5 | 40.3 | 44.1 5.1 | 11,210 | 11,220 
Gallup, N. M..... ae. 10.5 | 10.5 | 37.6 | 47.0 4.9 | 11,930 | 11,920 
Mt. Harris, Colo......... LIOR LISI Si aae ie 45.7 5.6 | 11,455 | 11,570 
Superior, Wyo........... LSE dog) 229ml C3528. 4) ae 7 3.4 | 11,619 | 11,480 
Coalville, Utah...... AAR ITI 46) 1638.3 > 4316) -4.4 |40;,870 | 10,800 
Gebo, WY One 2602. eros 13.8 | 18.9 | 35.5 | 45.5 5.2 | 11,210 | 11,240 
Hayden, Colo........... 15ES SST t) SiS) 4829 4.0 | 10,680 | 10,570 
Renton; Wash. :22.2....: 14.7 | 15.8 | 33.2 | 40.5 | 11.6 | 9,868 | 10,530 
Roundup, Mont.........) 12.3 | 17.7 | 31.9 | 47.4 8.4 | 10,890 | 11,320 
Boulder, Colo........... 1953-194 | 31.8] 43.5 5.4 | 9,781} 9,820 
North Park, Colo........ ‘21.0 | 20.6 | 33.4 | 42.3 3.3 | 9,710} 9,540 
Sheridan, Wyo.......... 23.6 |) 23.6 | 32.6") 38-9 4.9 | 9,175 | 9,170 
Colestrip, Mont......... 24.3 | 24.9 | 28.0) 40.5 7.2 | 9,230] 9,450 
Gillette, Wyo........... 30.8 | 30.8 | 30.3 | 33.9 | 5.0 | 8120] 8,120 


The solution to this difficulty appears to be to draw the line lower in the 
group, say at a moisture content of 13.5 per cent., and consider the Hanna, 
Mount Harris and Gallup coals as belonging in the same class as the 
Superior coal of Wyoming. These coals, while slacking to a certain 
extent on exposure to the weather, do not slack so readily or to such an 
extent as to detract greatly from their excellence and they will bear 
fairly well transportation in open cars. The lower limit of this group is 
also uncertain, as shown by the last analysis in Table 2. This sample 
is from the thick bed of coal recently opened at Gillette, Wyo., which was 
classed by the collector as subbituminous. The writer has not seen this 
coal and therefore can add nothing to what has been reported from the 
chemical laboratory. It raises the question as to whether a moisture 
content of 27 per cent. or one of 30 per cent. should constitute the dividing 
line between the browncoal and hydrobituminous groups. ‘This question 
should not be decided until a careful field study is made of the coals in 
the border Zone. 

The writer is of the opinion that few, if any, of the lines of separation 
between major groups or minor classes can satisfactorily be made without 
exhaustive field studies, except in cases of coals that are well developed, 


may ah necessary in oe ne Baca ) 
problem that apparently has been neglected. In the 
limits set by the writer are ise eae and are give me 


per ‘cent. 

The coals of this class are susceptible of baie divided into at iages a 
two types—xyloid coals and cannel coals—but under present conditions —__ 
the recognition of these types is not an important matter. ce 


Class B—Low-moisture Coals > 


The coals of this class are better in many ways than those of Class A, * : 
because they contain less moisture, slack less or not at all on exposure, © 
and are generally harder and bear long transportation without serious 
degradation. In a general way this class of coal may be said toinclude  — 
most of the better coals of the Mississippi Valley. The upper limit is | 
arbitrarily placed but should be set so as to separate the coals of this 
field from those of the Appalachians. This line, wherever it is placed, Me 
will cut through some important coal field that is a large producer at : 
the present time and the operator who is assigned to a lower class will | 
not take that assignment cheerfully. We should, after deciding on the 
approximate position of the line, consider the matter carefully to see if 
a slight shift in position may not more nearly fit the field condi- 
tions, and thus avoid laying ourselves liable to the charge that we 
disregarded the facts and so have a classification that is not usable and U 
will not be generally accepted. With this in mind, the writer would 
suggest that in most cases we first establish a twilight zone betweén 
the various classes and then endeavor to find which will best fit the facts 
in the field and cause least opposition. The writer would suggest that 
the dividing line between Class B of the hydrobituminous group and 
Class A of the bituminous group be drawn at some point between 5 and 
6 per cent. of moisture. 

It is altogether probable that the two types of coal, the xyloid and 
the cannel types, will be found in this class. The xyloid coals are very 
abundant but cannel coals are seldom found. The writer does not recall 
having seen a cannel coal in this class nor to have seen an analysis of such 
a coal, but doubtless they are present as they are found in all coals up 


to and including most of the bituminous group—the next higher group 
in the series. 


+ 
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Bituminous Group 


The bituminous group as recognized by the writer in this paper is very 
similar to the group now generally called by thatname. The upper part 
is exactly the same but a part of the base of the group, as heretofore 
recognized, is separated and placed in the hydrobituminous group. The 
bituminous group may therefore be described as having at its base coals 
whose moisture content is about 5 or 6 per cent. and extending upward in 
rank to and including the low-volatile or so-called ‘smokeless coals,’’ 


_as at present understood. The coals of this group are decidedly the 


most valuable coals in this country, as they include all of the coking coals, 
the best gas-making coals, and in the uppermost class, the coals that rank 
with the best steaming coals of the world. 

‘The basis for classification in this part of the series is very different 
from that which has been used in the groups and classes in the coals of 
lower rank. Moisture, which has been such an important factor in the 
latter coals, has ceased to play a part in the classification of these coals, 
as its variation is slight in all parts of the bituminous group; it is in all 
cases less than 6 per cent. and in some cases falls considerably below this 


figure. The only factors shown in the proximate analysis that remain 


are volatile matter and fixed carbon and these. seem, in a general way, 
to be fairly satisfactory for classification purposes. The change from 
lower to higher rank is one that is to be expected, for the effect of rock 
metamorphism is first to drive off most of the water contained in the 
plant tissues and then, as the heat or pressure increases, to break up the 
hydrocarbons of the vegetal material and to drive off the more volatile 
portions. Asaresult of this process the volatile matter steadily decreases 
as the coals increase in rank, and conversely the fixed carbon, which is 
the part least affected, shows a steady increase in proportion to the total 
mass. The decrease of the volatile matter or the increase of the fixed 
carbon affords a reasonably accurate measure of the metamorphism of 
the coal. 

How shall these differences be expressed and what kind of an analysis 
shall we use? The ultimate analysis is undoubtedly the most satisfac- 
tory one, as it gives the elements which make up the coal rather than a 
group of compounds which may never be twice the same. But while the 
ultimate analysis is undoubtedly the most accurate, it is certainly never 
used by the practical man to express the quality of his coal. In fact, 
it is doubtful if one operator or dealer in one hundred ever used an analysis 
of this kind or knows what it means. In addition to this, it must be 
remembered that it costs much less to make a proximate than an ultimate 
and that by far the greater number of analyses that have been made and 
are available for our use are of the proximate variety. «Because of all 
of these facts there seems to be no question regarding the superiority 
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of the proximate over the ultimate nalts for classifica 
where the classification is to be applied to ordinary afte: ns 
by the ordinary layman. nS 

While the proximate analysis is the one to be Sands it ae be apy 
in a proper manner or the results will be conflicting. The writer h , 
never heard an operator or dealer refer to the rank of his coal other than ae 
to say it has such and such a percentage of volatile matter, without — 
specifying whether this is the percentage of the whole content of the coal | 
or only of a limited portion. The proximate analysis contains two varia- _ 
bles, moisture and ash; and to specify the percentage of volatile matter 
without at the same time saying whether or not the moisture and ash 
have been eliminated is confusing, to say the least. A 

In order to avoid this difficulty, Persifor Frazer, of the Second Guologs: “4 
cal Survey of Pennsylvania, proposed to use the ‘‘fuel ratio,’ or the 4 
quotient of the fixed carbon divided by the volatile matter, instead of 
giving the actual percentages of either. This has the great advantage 
that it can be obtained in a moment’s time from any proximate analysis 
whereas to compute the percentage of the fixed carbon on a moisture-free 
and ash-free basis requires a rather lengthy computation. The only 
objection to Frazer’s method has been that in the lower part of the 
bituminous group of coals the fuel ratio becomes a very small fraction. 
This however does not appear to be of sufficient weight to cast it aside 
and the writer strongly urges that fuel ratios be used in classifying most 
of the high-rank coals. 

Two distinct classes of the bituminous group are universally recog- 
nized in this country. These are Class A, high-volatile coals, and Class 
B, low-volatile coals... These classes have decided characteristies, both 
chemical and physical, and generally one can tell at a glance to which 
class a given coal belongs. The division of the group into three classes 
has been, strongly urged but there does not seem to be unanimity of 
opinion in favor of this proposal. According to those who favor this 
plan, the bituminous group should be divided into three classes, as follows: 
Class A, high-volatile coal; Class B, medium-volatile coal; and Class C, 
low-volatile coal. The writer does not favor this plan of subdivision, for 
the following reasons: (1) The number of divisions, whether of major or 
minor orders, should be kept as low as possible, because each new one 
adds to the complexity of the scheme and to the practical difficulty of 
making the division in the field; (2) The distinction between a high-vola- 
tile coal and one of medium volatile is based largely upon use, only slightly 
upon chemical composition, and not at all on physical characteristics. 
The writer feels that the threefold division of the bituminous group should 
be very carefully considered before it is adopted or rejected, but from his 
own point of view, it belongs to a use classification rather than a general 
classification. In the present treatise, therefore, it will be omitted. 
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Class A—High-volatile Coal 


_ This class includes all of the lower part of the bituminous group, 


consequently its lower limit coincides with the lower limit of the group, 


or at the point where the moisture content is about 6 per cent. The upper 
limit is determined by its fuel ratio and is therefore a function of the 
fuel content of the coal. From the base of the group upward the volatile 
matter decreases steadily and the fixed carbon increases until the limit 
of Class B is reached. As the limits of Class B, the low-volatile coals, . 
have been much more definitely determined than have those of Class A, 
the former will be used in fixing the dividing line between them. The 
writer is convinced that the fuel ratio of the lowest low-volatile coal 
should be fixed at 2.5. This limit agrees closely with the limit fixed by 
the trade and, so far as the writer is aware, will not cause an undue 
amount of friction, even in case it should be legally enforced. If this 
line is agreed to, the upper limit of Class A may be described as falling 
just below the fuel ratio of 2.5. 

The coals of Class A are so well known that it does not seem neces- 
sary to describe them further than to say that in general they are hard and 
show little degradation on handling andin shipment. The different types 
of coal are well developed in this class, particularly the cannel coals as 
contrasted with the more common xyloid coals. _ It is possible that other 
types may be recognized as more detailed studies are made but at the 
present time these are the two most commonly recognized, and it does 
not seem wise to attempt to introduce others until they have been shown 
to have very distinct properties and physical characteristics. 


Class B—Low-volatile Coal 


This is one of the most valuable kinds of coal, and is largely restricted 
to the Appalachian fields. It is characterized by its friableness, which 
apparently is caused by the great earth pressure to which it has been 
subjected. Most of the fields of this class of coal are well developed and 
many data are available regarding its chemical composition. According 
to the records of the U. S. Bureau of Mines and the U. 8. Geological 
Survey, the highest rank coal of this kind is found a short distance 
below Welch, West Va., where the coal has a maximum fuel ratio of 
5.37. As it is possible that fuel ratios slightly higher than this may be 
found locally in some of the fields of this kind of coal, the writer considers 
that the upper limit of Class B should be placed at a fuel ratio of about 
5.5. As this fuel ratio is greater than that of some of the coals of Mont- 
gomery and Pulaski counties, Virginia, which, according to the writer, 
belong in the next higher group of coals, it appears necessary not only to 
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~ fuel ratios, but also ‘as ng 
will differentiate them decidedly from, ‘the har 
group. | a, 
In the low-volatile class the writer has frequently foun 

the physical characteristics of cannel coal, but the chemical pr 
G are exactly the same as the adjacent normal soap Fadel coal. 


typical cannel coal. These physical features revi into the nthe a 
stage of metamorphism but no one would think of an anthracite as being ae 

a cannel coal. In view of this statement, the writer contends that in 
the low-volatile class only one type of coal should be recognized. . 


ANTHRACITE GROUP a 


The friable coals of the low-volatile class, under increased pressure, 
gave off some of the volatile matter and at the same time suffered rece- __ 
mentation which results in a very decided increase in hardness, producing ~ 
coals that are generally referred to as anthracites. These coals are of 
varying degrees of hardness and contain so little volatile matter that 
they generally burn with a blue flame and produce little smoke. They are 
essentially a domestic fuel, and as such are of great importance. Most 
persons when they hear the term ‘‘anthracite’”’ mentioned visualize at 
once the hard dry anthracite of Pennsylvania, but the anthracite group 
contains several kinds of coal, all of which are characterized by a small 
content of volatile matter, a large content of fixed carbon, and generally 
much greater hardness than that of any coal lower in the series. 

Although anthracites are well known, there is a surprising lack of 
reliable data regarding their chemical composition and their physical : 
properties. Much of this lack is due to the fact that fields of this kind of 
coal are generally small and rather widely separated and it is difficult 
to find the place where one kind of anthracite merges into another kind, 
either higher or lower in rank. Because of this condition it is impossible 
at present to set definite limits on the subdivisions of the group that in a 
general way can and should be made. The anthracite group is divided 
into three classes, as follows: Class A, or high-volatile anthracite; Class 
B, or low-volatile anthracite; and Class C, or meta-anthracite. The 
coals in Class A have heretofore been called semianthracite; the coals 
in Class B, hard dry Pennsylvania anthracite; and the coals of Class C, 
Rhode Jalan anthracite, graphitic anthracite or superanthracite. 


a as it implies that the coal is only half as good as the 


rably greater. As the term has given much trouble in the past, 
writer would strongly recommend that it be dropped. The principal 
ifference between this coal and typical anthracite is that the coal of 
class A is not so hard and it carries a greater percentage of volatile matter, 
so that it ignites more readily and for 15 or 20 min. burns with a aiaet 

_ yellow flame until the volatile matter is largely consumed; after this, 
_ it burns with a blue flame like typical anthracite. 

The typical coal belonging to this class in Lykens Valley No. 5 bed in 
Dauphin County, Pa. This is a small basin lying west of and connected 
with the main basin of the Southern Anthracite field. Similar coal is 
mined in outlying basins in Sullivan and Tioga counties, Pennsylvania; 
in the Valley fields in Montgomery and Pulaski counties, Virginia; and 
in and about Spadra and Russellville, Arkansas. At most of these 

places the basins containing anthracite are widely separated from those 
containing low-volatile coal of the next lower rank; in Arkansas, however, 
the two merge, but there are few data available regarding the character 
of this transformation. 

The chemical composition of the coals of Class A of the anthracite 
group, together with two representing the adjacent coals above and below, 
is shown in Table 3. 


TaBLE 3.—Analyses of Coals of Class A, Anthracite Group 


aay Monte Kole Beet, Ash | B.t.u. 

4 Whe Coven i maui elute ¥. 4.7 | 1.6 | 12.8 | 60.7 | 24-9 | 11,190 
PB LaCIS ULES V Br. septa recy deena hae eh “| a9 1.9 14.0. | 68.9 |, 15.2 | 12,740 
ae Perce ee a et Ae FOU le ITS. 61.7. | 24,6 | 11,200 
emeCanels W.Vi.*.. .cci- os pels ER atinae ees: odd el St 1 Di 14470 
Glsetavlie Ark ee TT 18.7 174.5 9.1 |-13,480 
Blacksburg, Vazw...-.-......... pe pBt 60) 746 TO 68e4e). 17.0:'| 92,390 
Russellville, Ark................ be 6. 2. @eeh 1190 ibe) | POnbis 18,360 

F MSM ee Ce Seb xin seuss co 2a. 2 4) 10,8 pe 10.2 | 68.7 | 19.0 | 12,110 
IMIGETITNAC  Vlij >. cos she cust ees sayee T3 pet Le 8 Tee ant MB 7s 1 sh 125330 
Paitin Var ee eeu | 7.85) 1 4.5 4 8.2.) 63.9° | 23.4" | 10,880 
Ringeeiiville, Aves. es ccc oe we Weir raha 9.84 78.8 9.3 | 13,700 
lrkensumance, te gh tee ya. PBB WNIT 9.6 | 79.5 9.8 | 13,590 
Mertimaca Vania) 9G). wts | 8.5 | 2.5 | 8.8 | 74.6 | 14.1 | 12,880 
Bernie en ae pk att hasehin Sed eis | 8.45), 72)8. | 15.5 || 12,500 
Carbondale, Pa.*................|.9.6 | 2.4 | 6.6 | 63.3 | 27.7 10,310 


————— a 
* These coals do not belong to Class A, but are inserted for comparison with a 
coals of the overlying and underlying shia: 


gh-volatile Anthracite Sd ana Tere met 
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ite”? heretofore applied to coals of this class af dee 
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hracite of Pennsylvania whereas its heating value may be 
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The coal from Caples West Va., is the finest rank 
of Engh the Geological Survey has any record, ond ee 


Class B of the anthracite group. The eae) pe is very intere 

its fuel ratio is higher than the lowest, or McCoy coal Montg mery 
County, Virginia, although the latter is a fairly hard coal and sellson 
the market as a kind of anthracite. The peti coal, on the , SOREN, i 


suited to domestic use, unless it were converted into coke. \ 

- The writer in reporting on the Valley coal fields to the State Geologist = 
of Virginia (Bull. 25. Va. Geol. Survey), was greatly puzzled as to the © 
best manner of dealing with this problem. At first he took the position 
that the lower limit of Class A of the anthracite group should be placed 
at a fuel ratio of 5, but here is a field in which the fuel ratios range from — 
8.5 on the southeast side of the field (the side from which came the great 
thrust that metamorphosed the coal) to 4.7 or possibly lower on the 
northwest side, and a line of separation drawn at the point where the 
fuel ratio is just 5 would split a small field directly in two, despite 
the fact that coals from both sides of this line are being sold on the 
market as ‘Virginia anthracite,” and the writer can see no reason 
why they should not continue under some such name to serve this 
market as a domestic fuel. The mere fact that the definition says 
that the lower limit of the high-volatile anthracites should be placed 
at the fuel ratio of 5 does not meet the needs of the case and the physical 
properties of the coal should be considered in fixing this limit; conversely, 
the fuel ratio of coals in Class B of the bituminous group can not be 
limited by a fuel ratio of 5, but should include all friable coals, no matter 
whether they fall below or above that limit. The mere classing of the 
Caples coal as an anthracite will not make it so, because it lacks the 
physical properties of anthracite, and these are all important. 

The conclusion of the writer is that coals of Class A of the anthracite 
group should be so defined that both the chemical and physical properties 
will be taken into account and that in case the former seems to fail the 
latter should decide the case. 

The upper limit of Class A of the anthracite group can not be defi- 
nitely fixed because of lack of reliable analyses of coals in the debatable 
zone between the clearly recognized members of ClassesAandB. Table3 
affords some evidence on the subject, as the coal at Carbondale, Pa., 
is generally considered as belonging to Class B, the lowest member of 
the hard dry anthracites. If that is accepted, the fuel ratio of about 
9.5 should be regarded as the line of separation between them. This, 
however, needs further confirmation. 


ee ee eee ee ee eer ee 
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Class B—Low-volatile a enseae 


This class is intended to include what is generally regarded as typical - 
anthracite or the hard dry anthracites of the Pennsylvania fields. The 
_ writer has little evidence in the form of chemical analyses by which to 
fix the limits or describe the character of the coals of this group. The 
lowest coal, so far as the data at hand indicate, is the Carbondale coal 
listed on a previous page with a fuel ratio of 9.6, and the highest is one 
from St. Nicholas with a fuel ratio of 76.0. There is, therefore, a wide 
Z range in the composition of Pennsylvania anthracite and with the meager 
i _ data at hand it is impossible to fix a definite upper limit. 
a Hardness and high fixed carbon content are the characteristics of the 
_ * anthracites of Class B and these give to it a particularly high value as a 
3 domestic fuel. The structure of the coal is not entirely homogeneous 
; and here and there traces of cannel-coal structure are still visible, but 
4 the distinguishing feature of a cannel coal, its high volatile content, is 
- entirely absent. | 


Class C—Meta-anthracite 


It is rather difficult to visualize a stage in the metamorphism of coal 
that lies above and beyond that of anthracite, but here and there such 
3 coals are known. The coals that are obviously above the anthracites 
in rank are of different compositions and all that can be said about them 
at the present time is that they are beyond the stage of anthracization, 
hence the name ‘‘meta-anthracite”’ has been chosen for them. 

The largest and best known area of this kind of coal is the field lying 
in Rhode Island and Massachusetts. This coal is frequently referred to 
as graphitic anthracite. It has clearly passed beyond the stage of a 
straight anthracite and has the peculiar characteristic of a moisture 
content of from 13 to 14 per cent. This is not extraneous moisture, as 
has been proved by McFarlane, who found the moisture content of a 
coal in direct contact with a large basalt sill to be 11.1 per cent., though 
the same coal at a greater distance from the sill is a normal low- 
moisture anthracite. 

Another type of meta-anthracite was found by the writer near 
Poolsville, Md. which is supposed to have been altered by proximity to 
a large igneous dike. This coal is without moisture and with a hardness 
of about that of steel. So little is known about these coals that it is 
not wise at the present time to attempt to describe them, but merely 
to recognize them as constituting a class which has been metamorphosed 
until they have passed the stage of ordinary anthracites and consequently 
are properly referred to as meta-anthracites. 


Sees. 


2G. C. McFarlane: Igneous Metamorphism of Coal Beds. Econ. Geol. (1929) 
24, 1. 
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Summary or Groups AND CLASSES 


The proposed grouping of the coals and the names to be applied to 
the various groups and classes are best shown in the following outline: 


A. Peat class 
Browncoal group....... B. German brown coal 

C. Lignite class 
High-moisture class 
Low-moisture class 
Coal | A. High-volatile class 


A. 
Hydrobituminous group B 


Bituminous group...... law cou iGntne 

A. High-volatile class 

Anthracite group....... B. Low-volatile class 
| C. Meta-anthracite class 


DISCUSSION 


G. H. Capy, Urbana, Ill. (written discussion).—The classification proposed by 
the author is of peculiar interest to the State Geological Survey of Illinois because it 
introduces a new group of coals in which it is proposed to place practically all, if not 
all, the coals mined in Illinois. The criterion by which this particular group of 
coals—the hydrobituminous group—is identified is the ‘‘as-received’’ moisture 
content, the lower limit of the group being 25 per cent. moisture content, and the 
upper limit 5 to 6 per cent. It is further proposed to subdivide the group into two 
classes, one class being represented by coals having a moisture content above 13.5 
per cent., and the other class by coals having less than 13.5 per cent. moisture within 
the limits of the group. This proposed hydrobituminous group of coals includes 
essentially what has been commonly called the Low Rank Bituminous coal. Although 
in some particulars the new name is an improvement in nomenclature it is unfortunate 
in emphasizing the moisture content in coals having such a wide range in the amount 
of moisture present. It seems very doubtful whether the name would be regarded 
as a happy selection by those interested in the commercial exploitation of Illinois 
coal. So far as Illinois coals are concerned there is some evidence that the group, 
aside from the name, is valid. Whether there are outside of Illinois coals of low rank 
and also low moisture content or of high rank and high moisture content would deter- 
mine the general validity of the group. 

Even if the group be recognized, differences of opinion are likely to arise in regard 
to the advisability of subdivision or in regard to the number and limitations of the 
subdivision proposed. The nature of the differences in the moisture content of Illinois 
coals and the definiteness with which discrimination is possible between different 
coals on the basis of moisture content is a matter of importance in determining the 
advisability of any subdivision, the validity of the subdivisions proposed, or the 
necessity of the revision of the proposals. 

The hundreds of carefully collected face samples made by the State Geological 
Survey show in their analyses, made by the U. 8. Bureau of Mines and by the Testing 
Laboratory of the University of Illinois, fairly definite facts in regard to the distribu- 
tion of variations in moisture, ash, volatile matter, fixed carbon, sulfur, and calorific 
character. County average* values that have been prepared by the State Geological 


* A. Bement: Illinois Coal. Illinois State Geol. Survey Bull. 56 (1929) 99. 
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Fic. 1.— AVERAGE MOISTURE CONTENT OF COAL BEDS OF Tue ors BY COUNTY AND 
BY SEAM. 


: for the area of the Illinois coal basin is shown in Fig. 1, upon which is entered the 
j average moisture content of the coals by county and by seam. That there has been 
a progressive desiccation of the coals southward is apparent; but it will doubtless be 
observed that this decrease in moisture content is not regular. The decrease across 
a narrow zone in the extreme southern part of the coal basin which includes Randolph, 
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basin in La Salle County down to the north edgt of this ) 
is a general decrease from north to south in the moisture : th 
direction of greatest decrease is toward the southeast, that is to 
boundary of Gallatin County. 
Fig. 1 and Fig. 2, which shows the variations in cota content by 
show that the area in the state wherein the coals have a moisture content 
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Fig. 2.—IsonHumr MAP OF ILLinots, SLIGHTLY GENERALIZED; IRRESPECTIVE OF SEAM. 


10 per cent. is relatively small, and that variations in this area are fairly regular and 
progressively smaller toward the southeast, there being successive relatively narrow 
belts in each of which the range of variation is slight. 

In establishing the definition of the classes within the hydrobituminous group it 
appears that only empirical criteria have been and as yet can be used. That is to 
say, there is no naturalistic basis for preferring one point of division above another, 
since, so far as the writer is aware, it has not been suggested and much less denon 
strated that decrease in the moisture content of these high-moisture coals is at any 
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step accompanied by critical changes in the immediate constitution or character of 


the coal substance. It follows, therefore, that classification must necessarily be based 


_ upon empirical considerations, at least until a naturalistic basis can be found. The 


practical usefulness of 13.5 per cent. moisture as a basis of separating the group into 
classes as compared with other boundaries that might have been selected therefore 
merits consideration. Since no boundary can be selected which will definitely place 
all coals as of one or the other class, the boundary should be so placed that the area 


underlain by coals occupying the transitional position between the two classes shall 


be as small as possible. It would also be well if classes were representative of differ- 
ences recognized commercially. Since, as was pointed out in the preceding paragraph, 
variations within short distances are greater in southern Illinois than elsewhere in 
the state, the area underlain by coal having a narrow range of moisture content will 
be smaller in this part of the state than elsewhere. It appears advisable therefore 
to place the boundary between classes within the limits of the range existing in 
southern Illinois. : 

In the selection of percentage to use as a basis for classification, such that the 
transitional zone will be geographically narrow, there is, on this basis alone, little 
choice with respect to any amount between 5 and 10 per cent. of moisture. Obviously, 
however, since the upper boundary of the group is at about 5 per cent. the lower 
boundary of the upper class must be far enough below the upper boundary to provide 
the inclusion of a reasonable extent of coal. For this reason, it would be well to place 
the boundary between classes as low, that is, numerically as high as possible still 
keeping the geographical extent of the transitional area narrow. This condition 
seems to be fulfilled, so far as Illinois coals are concerned, at about 9.5 to 10 per cent. 
The transitional or border zone is relatively narrow running through Randolph, 
Perry, Washington and Marion counties and fairly definitely separates the lower 
moisture coals of Jackson, Franklin, Williamson, Saline and Gallatin counties from 
the higher moisture coals of St. Clair, Clinton and Bond counties and counties to the 
north. The distinctions are those, likewise, that are recognized commercially, par- 
ticularly that one between the coals of the northern and the coals of the southern 
counties. The intermediate character of the coal in the intermediate zone in Ran- 
dolph, Perry, Washington (eastern) and Marion counties is also commonly real- 
ized commercially. 

So far as Illinois coals are concerned there appear to be some reasons for regarding 
as valid a distinction based upon a moisture content of more than or of less than 
9.5 to 10 per cent. By almost any system of classification—B.t.u. values, unit coal 
values, carbon ratio, and various graphic schemes—the southern Illinois coals having 
a moisture content of less than 9.5 to 10 per cent. are definitely distinguishable from 
other coals in the state, and by all such classification schemes a narrow transitional 
or intermediate group of coal, mainly those mined in Perry County, is recognizable. 

The writer has not given critical consideration to the value of a subdivision of the 
group into two classes, one above and one below 9.5 to 10 per cent. moisture, in other 
coal fields than Illinois. A hasty inspection of tables of analyses shows that most of 
the coals mined in Western Kentucky would fall into the class having less than 10 
per cent. moisture. In fact, the class would apparently include the coals of south- 
eastern Illinois, western Kentucky, and possibly the southern part of the Indiana 
field in Knox, Gibson, Pike and Warrick counties, although the coals of Indiana lie 
very close to the boundary between the two classes. It is probable that better dis- 
crimination would be possible by placing the boundary at 9.5 per cent. than at 10 per 
cent. So far as Illinois is concerned it makes little difference whether the boundary 
is placed at 9.5 or 10 per cent. 

The mathematically unequal subdivision of the hydrobituminous group which 
would result from the adoption of a proposal to make the place of separation 9.5 per 


- Standard district of Macoupin and Montgomery counties, and in the Belleville 


ity at all, because it pas to ageurd with atic distributic é 
of tables of analyses and maps giving the distribution of moisture aed 
there is a fairly definite geographic limitation in the distribution of coals 
than 14 per cent. moisture and those having 9.5 to 14 per cent. The coals of cent 
and southwestern Illinois, that is, those mined near Danville, Springfield, in 


< 
trict have the lower moisture content, and those coals mined in areas to the north = 
in the Peoria, Rock Island, La Salle and Wilmington regions have the higher moisture > io 
content. Analyses‘ of Indiana coals published by the Bureau of Mines rarely show 
more than 14 per cent. moisture. Coals from the northern and central part of the 
Indiana coal field on the basis of moisture content would be classified with coals from 
the central and southwestern part of the Illinois field. Fourteen per cent. is suffi- 
ciently near to the 13.5 per cent. suggested by Dr. Campbell so that they can be 
considered the same for the purposes of classification: The advisability of establish- — 
ing a boundary between classes at this point is, however, doubtful, so far as Illinois : 
coals are concerned, because the geographical area underlain by ceald transitional te 
between the two adjacent classes is broad and poorly defined, and the classes would 
not be substantiated by commercial distinctions. Janiakiins in moisture content 
in successive samples of coal from the same mine are considerably greater among = 
high-moisture coals than among low-moisture coals and it would be very difficult to 
fix definitely the classification of a coal with a moisture content within a per cent. 
or two of the limiting value. It seems probable that the usefulness of a subdivision \ 
of the group at some point higher than 10 per cent. depends upon the distribution of 
moisture content in other states than Illinois and Indiana. 

Before making a concluding statement in regard to the advisability of subdivision 
or in regard to the nature of the subdivision if made it would be well to consider the 
specific effect of subdivision into two classes upon certain of our coals. — r 

The number of shipping mines operated in 1928 was 206. There would be very 
little doubt in regard to the class of coal into which the product of the individual 
mines would fall, using 9.5 per cent. of moisture as the division between classes, for at 
least 90 per cent. of these mines. The remaining 10 per cent. lie in the transitional 
area in Washington, Perry, Randolph, southeastern St. Clair and southwestern 
Marion counties, in an area which is likely to become of immediate increasing and 
soon of great importance because of the large areas of strippable coal within it. The 
writer is somewhat at a loss to know just how the classification problem would be 
met in this region other than by assigning the coal to a transitional position between 
two classes, which would simply mean the erection of a third and very narrow class. 
If this difficulty would arise in a region relatively small in geographic extent the 
difficulty would appear to be still greater if a boundary is selected such that the 
transitional zone is represented by coals which extend beneath a large area. 

There are in addition to these transitional coals certain other coals of a more or 
less anomalous character the classification of which will be sure to make trouble for 
any classification based like this one upon empirical criteria. For example, we have 
in Will County an area of No. 2 coal for which Bureau of Mines analyses of face 
samples show 14.4 to 16.2 per cent. moisture, a carbon ratio of 56.6 and 56. 4, and a, 
pure coal B.t.u. value of 14,280 and 14,300 units, respectively. The carbon ratio is 
essentially the same as that of No. 6 deat in the east part of Perry County where the 


‘ Analysis of Indiana Coals. U. 8. Bur. Mines Tech. Paper 417 (1927). 
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moisture content is about 9.5 per cent. and the B tu. value is greater than that of - 

eastern Perry County. It appears to be only in the relatively high content of moisture 
a chat this coal differs from coals in southern Illinois having a moisture content less 
i than 9.5 per cent. 
4} 


It would possibly be wrong to classify this coal with others in 


- northern Illinois having similar moisture content but quite different carbon ratio. fi 
_ For example No. 2 coal in Grundy County lying west of Will County shows an average a 
- moisture content of 16.8 per cent., a carbon ratio of only 50.8 and a “pure coal”’ 

value of 14,280 B.t.u. It is not usual to find coals with a carbon ratio exceeding 50 : 


in the Longwall District of northern Illinois which includes Bureau, Putnam, Marshall, 

La Salle and Grundy counties. At another mine, however, in the southern part of 

the Longwall District in Woodford County the carbon ratio is 57 to 58 with a 

moisture content of about 15.per cent. These anomalous relationships suggest that a 

_ classification based upon the stage of coalification as indicated by the moisture content 

- of a coal fails to take proper account of the effect of coalification upon the relative 
amount of fixed carbon and volatile matter. 

There is the further anomalous case of the No. 6 coal at Lovington, Moultrie 
County, in a position nearly 100 miles north of the main body of low-moisture coals in 
southern Illinois. The moisture content of this coal is 6.7 per cent., the carbon ratio 
only 52.2. On the basis of moisture content this coal should be grouped with those of 
a southern Illinois, although in doing so there appears to be a violation of the pEOREER 
= rule that carbon ratio is an index of the amount of coalification. 

4 Instances of anomalies of this kind are not numerous, but the more we learn of the 

chemical character of our coals the less certain we are that differentiation based 

- upon a specified quantity of any one of the substances itemized in the proximate 

analysis will result in a classification various items of which. can be arranged in order 
to represent successive stages of coalification, 

Tn conclusion, the opinion is expressed that alehoush the group described may be a 
valid one the name selected is not desirable although possibly preferable to the common 
name Low Rank Bituminous. If subdivision of the group is made, it is believed that 

= so far as Illinois coals are concerned it is more satisfactorily accomplished at 9.5 per 
cent. of moisture than at a higher level up to at least 18 per cent., which is somewhat 
above the mean maximum moisture content of Illinois coal. Basis for subdivision 
at a level above 18 per cent. would have to be found in other states, So far as Illinois 
coals are concerned it is believed that subdivision into classes is impractical, and 
possesses no advantages beyond those offered by a simple statement of moisture con- 
tent. Presumably the classification should mean something in terms of the coalifica- 
| tion process and an empirical subdivision carries no such significance. It is also 
: impossible to make a subdivision into classes that will not leave a fairly large number 

of important coals in an intermediate position, the relative positions of which will 
_ after all be defined in terms of moisture content. The range of the moisture content 
- » in Dr. Campbell’s hydrobituminous group of coals is sufficiently large so that a 
mere statement of moisture content of a coal will thereby satisfactorily establish its 
relative position, if it can be accepted as established that in this group rank or stage of 
coalification is definitely determined by moisture content. It seems quite possible 
that additional evidence of the truth of this premise is necessary. 
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R. J. Hoxpen, Blacksburg, Va. (written discussion).—Various classifications of 
coal have been proposed and most of these have been based on chemical composition. 
There seems to be some objection to all of these proposed classifications and each 
succeeding scheme seems to have been an attempt to obviate some of the failings of 
previous classifications. When the Frazer classification,’ using fuel ratios, came out 


5 P. Frazer, Jr. Classification of Coals. Trans. A. I. M. E. (1877-78) 6, 480. 
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it served its purpose as applied to Pennsylvania coals, but when ae oft 
coals came into use the Frazer plan failed to differentiate the softer coals 
other. Various new classifications were proposed with their chief purpo: 
the softer coals. The Campbell plan,® using the carbon-hydrogen ratio, satisfac 
separates the middle ranks but requires an ultimate analysis which is not always : 
available nor is it easily made. None of the various other plans using proximate 
analyses, such as Parr’s,” Collier’s,* Grout’s,? Dowling’s'’ and others, have met general 
approval. Fuel ratios have been most satisfactory for middle and higher ranking — ud 
coals but there is some question as to what figures should be limiting values. rin =: am 
1925 Campbell!! called attention to the fact that modern approved methods of making — =, 
proximate analyses yield higher volatile matter than former methods and proposed a = 
change in some of the limiting ratios given by Frazer. He also departs from the 
prevailing plan of classifying coals exclusively on chemical composition and says that — 
for coals of the higher ranks hardness and color of flame are criteria. 

In his introduction to the present discussion of classification of coal Fieldner calls 
attention to the fact that the Technical Committee on Scientific Classification was 
requested to formulate a system of coal classification based on chemical and physical 
properties of the coal. The striking feature here is the support of the idea just given, 
namely, that we depart from the former plan of using only chemical properties and use 
physical properties as well. In the oral presentation of the papers something has 
been said about physical properties.as a basis of classification. In the papers there 
are also references to the same plan. Campbell says that previous classifications have ey 
failed because they did not recognize that rock metamorphism is the cause of most of © 
the characteristic differences of coal and, therefore, this should be a prime factor in 
its classification. He does not here specifically refer to the physical effects of meta- 
morphism on the coal but in his subsequent discussion of classes he describes these. 

In the physical effects of metamorphism there is some analogy between the meta- 
morphic changes in coals and other sedimentary rocks. In the case of unconsolidated 
sands there is metamorphism of the sand by cementation to a sandstone and of the 
sandstone by further cementation to quartzite. When the quartzite is subjected to 
suitable pressures it is fragmented by granulation but with increasing pressure there 
is a minimum size of particle and further pressure produces not finer granulation but _ 
recrystallization and the rock becomes harder instead of more friable. In a similar i 
manner with pressure peat hardens to lignite and lignite to bituminous coal. When 
the coal has reached a stage of metamorphism in which the fixed carbon has reached 70 
per cent., it is apt to be much more broken than coal with a lower percentage of 
fixed carbon. With an increase of fixed carbon to 85 per cent. the coal is apt to be 
materially harder and with a higher percentage of fixed carbon still harder. ~ If 
these hardnesses could be expressed mathematically and the values plotted against 
fuel ratios on rectangular coordinates, the result would not be a straight line but a 
curve. In general this curve would have low points for peat, high points for bitu- 


*M. R. Campbell: The Classification of Coals. Trans. A. I. M. E. (1906) 
36, 324. 

7S. W. Parr: Composition and Character of Illinois Coals. Ill. State Geol. 
Survey Bull. (1906) 3. 

SA. J. Collier: The Coal Resources of The Yukon, Alaska. U. 8. Geol. Survey 
Bull. (1903) 218. 

°F. F. Grout: The Composition of Coals. Econ. Geol. (1907) 2, 225. 

'* D. B. Dowling: Classification of Coal. Can. Min. Inst. Bull. (1908) No. 1, 61. 


11M. R. Campbell: The Valley Coal Fields of Virginia. Va. Geol. Survey Bul. 
5, (1925) 125. 
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-minous, lower points for soa ee high for semianthracite, and still higher 
_ for anthracite. 


Hardness is a general term and may Me tede various phases as resistance to abra- 
sion, friability, resistance to impact, crushing strength and other properties, and a 
mathematical expression for one of these phases might not agree with those for some 
other phases. 

Friability has received the most attention.!2. Smith used a drop test on sized lumps, 
then sized the product on screens of different sizes. He seemed chiefly concerned with 
obtaining a mathematical value for what he calls the degradation. He does not give 
the chemical compositions of the coals tested and therefore it is not possible to get 
from his work a definite relation between the chemical and physical effects of meta- 
morphism, but the composition can be inferred roughly from the kinds of coals which 
he used. He obtained the following degradation figures: cannel coal, 7-10; Illinois 
bituminous, 22-32; Pocahontas, 39; anthracite, 12. The significant figures here are 
the high values for the Pocahontas, the low figures for the anthracite and the medium 
figures for bituminous. 

Nicolls used a rotating cylinder to produce the breakage and sized the product on 
screens of various sizes. He expressed his results in percentages passing the several 
screens. He has made proximate analyses of his samples but he did not attempt to 
produce a numerical value for friability. Considering the fact that he showed four 
different percentage products for the four different sieves, without reducing these to 
single numerical value it is not possible to give any exact figures of friability but 
roughly, by inspection, his results show the highest values for the Pennsylvania 
anthracite, the lowest values for Pennsylvania semibituminous, high values for 
bituminous and higher values for lignite. This is roughly in keeping with Smith’s 
results and both of them show the outstanding fact which is in agreement with the 
statement previously made and with results obtained commercially in shipping sizes: 
that the semibituminous coals are the most friable; that the bituminous coals are 
less friable, and that the most metamorphic and little metamorphic coals have the 
lowest friability. 

If the percentage compostions obtained by proximate analyses on coals of different 
ranks be reduced to ash-free, moisture-free basis and the values for volatile matter 
and fixed carbon plotted on rectangular coordinates, the result will be a straight line. 
As friability seems to plot a U-shaped curve and the chemical properties a straight 
line, it appears that judging from one physical property the chemical results of meta- 
morphism do not parallel the physical results of metamorphism. Such being the 
case, the use of physical properties introduces new criteria for differentiating coals of 
different ranks. 


12C, M. Smith: An Investigation of the Friability of Different Coals. Univ. 
Ill. Eng. Exper. Sta. Bull. (1929) 196. 

J. H. H. Nichols: Friability Tests on Various Fuels Sold in Canada. Canada 

Dept. of Mines, Mines Branch, Investigations of Fuels and Fuel Testing (1924) 644, 20. 


Coal Classification; a Review and Forecast 


By Grorce H. Asuiey,* Harrispure, Pa. 


(New York Meeting, February, 1930) 


At the beginning of the war, about 13 years ago, a conference was 
called in Washington to lay plans for pooling the coals of the United 
States. A careful review of the various systems of classification then 
extant showed none well adapted to the needs of coal pooling. The 
system of Tidewater pools then adopted, using numbers to distinguish 
one pool from another, was based on typical coals of different localities. 

At that time, the writer undertook the preparation of such a practical 
classification. Aside from drawing on his experience of over 20 years 
in the coal fields of the United States, reaching from the Pacific Coast 
and the Rio Grande to Rhode Island, he first examined and carded all 
of the large collection of coals in glass jars made by and for M. R. Camp- 
bell. Next, he carded all of the descriptions of coals he could find in the 
U. 8. Geological Survey bulletins and elsewhere, as well as practical 
tests of coals by the Navy and other organizations and then took account 
of every published coal analysis of the U. 8. Geological Survey and U. 8. 
Bureau of Mines. A study of this information, involving thousands of 
recomputations, led to the presentation of a paper on ‘‘A Use Classifi- 
cation of Coal” before this Institute at the Chicago meeting, 
September, 1919. 

That classification was unique (1) in a classification based on ‘‘stand- 
ard coal’? which included moisture, but used standardized ash, sulfur 
and nitrogen, (2) in using physical properties to distinguish the major 
classes or orders, (3) in recognizing British thermal unit values in the 
minor subdivision, (4) in the large number of classes recognized (thirty- 
six), (5) in proposing mineral names for all classes, (6) in proposing a 
letter code for the several classes for practical use, (7) in proposing a code 
for expressing what has commonly been called “grade” of the coal, the 
grade code to be combined with the rank code to designate and describe 
a coal. The writer still thinks that the principles then offered, though 
not necessarily the exact proposals, are valid and desirable in any 
practical classification. 

The actual classification of coal by rank was based on the ratio of 
fixed carbon to volatile matter for the high-rank coals—the well-known 
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and long used ‘‘fuel ratio”’—and on the ratio of fixed carbon to moisture 
(as received) for the low-rank coals. This scheme has the advantage of 
being independent of ash or sulfur content but the range of value is small, 
being from 1 for lignites to 10 or 12 for hard anthracite. . 

Since the presentation of that paper in 1919, the whole subject of 
coal classification has come into the open and been much studied and 
discussed. The writer has presented several revised versions of his 
original classification, all seeking to simplify his original proposal, which 
was generally criticised as too complex. 


Volatile Fixed Range Grams Loss, 
Moisture Matter Carbon of F.C. Left Grams 
———— 0 
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Bituminous, low volatile, Clearfield. Pa. io & # 70-77 42 58 

Semibituminous, Broadtop, Pa as ee 77-84 38 62 

Semianthracite, Bernice, Pa. ae eee 84-89 35 65 

Anthracite, Pa. ade ae 89 plus 33 67 
% of original mass t/% 1% HR 


Fig. 1.—LArRGER STEPS IN PROCE3S OF DEVOLATILIZATION OF COAL. 


This chart is drawn on the assumption that in the process of devolatilization 
there has been no loss in fixed carbon. The percentage of moisture, volatile matter 
and fixed carbon are characteristic of the coals listed. The several bars are drawn to 
scale and to show that though the percentage of moisture may remain the same, there 
is a continuous reduction in the actual amount of both moisture and volatile matter 
from one class or rank to the next, with a corresponding loss in the total weight of the 
original mass of coal. 


In his original and subsequent papers, the writer has pointed out 
what appear to him to be significant elements in the problem. Some of 
these may be repeated here: 

1. The “moisture” is an integral part of the coal and must be used in 
any classification, at least of the low-rank coals. 

2. The change from peat to graphite is essentially a process of devola- 
tilization of the coal (including moisture) and may be expressed most 
fully by using either the increasing percentage of fixed carbon or the 
decreasing amount of volatile matter (including moisture). 

3. Of the various elements composing the coal, whether in the ultimate 
or proximate analysis, fixed carbon is the only one that maintains a fairly 
uniform gradient from low-rank to high-rank coals. Volatile matter and 
British thermal units double back on themselves. Carbon, hydrogen, 
oxygen and moisture differ but slightly for all of the high-rank coals (see 
Figs, 1 and 2). 
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It therefore appears that the simplest and best system for elanaifieaied 
will involve the fixed carbon either alone or in ratio with some other 
element provided that accurate means of determining fixed carbon can 
be devised. A study of Fig. 2 shows that the ratio of fixed carbon to 


volatile matter, or the fuel ratio, while serving excellently for high-rank — 


coals, fails completely to distinguish coals below the rank of Pittsburgh 


coal. On the other hand, fixed carbon divided by moisture, while serving — . 


well to distinguish the low-rank coals, is of decreasing value for the high- 
rank coals. It would seem, therefore, that the best classification will 
be either to use fixed carbon alone or a combination, as used by the writer 


10 years ago, of fixed carbon to volatile matter, above an arbitrary | 


figure, say a fuel ratio of 1.4 per cent. and of fixed carbon to moisture 
below that figure. This combination gives a range of figures from 1 


TH Semianthr., Bernice 


Sroadtop, Pa. (Semibit.} 


Clearfield, Pa.(Semidit) 


Connelisville .Pa.(Bit.) 


Ittsburgh ,Pa.(BIt,) 


1 Hocking Valley, 0. (Bit) 


Fia. Spa eer IN ANALYTICAL ELEMENTS FOR A SELECTED SERIES OF COALS 
FROM LIGNITE TO ANTHRACITE, 


to 12 and requires one computation. Compared with that the use of 
fixed carbon alone gives a range of from about 20 to 90, and also requires 
one computation to obtain a figure for the fixed carbon on any standard 
basis, such as the ash-free basis, or a selected standard-ash basis. _ 
Further, H. J. Rose has recently pointed out that the use of fixed 
carbon alone lends itself to a simple method of designation by calling 
coals by number, according to the percentage of fixed carbon on some 
standard basis. The coal may be further described by using a second 
figure to express either the ‘‘actual” ash or the ‘‘actual”’ fixed carbon. 
Thus a coal may be called ‘coal 70,” or “coal 70-6,” or ‘coal 65/70,” 
the 6 telling the actual percentage of ash or the 65 telling the actual 
percentage of fixed carbon in the coal. Having the actual percentage of 
ash in the coal, the ash-free fixed carbon is found by dividing the actual 
percentage of fixed carbon by 100 minus the percentage of ash. The. 
actual or guaranteed British thermal units (hundreds omitted) could also 
be added if desired, thus, written 70-6-140, and read 70 point 6 point 140. 
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Such additional code letters or figures could be added to express other 
qualities of the coal as might be agreed upon by the committee on Coal 
Classification. One advantage of this scheme is that there are no high 
fences between classes of coal, and the practical man not only knows 
from its designation exactly what his coal is but is not" unnecessarily 
disturbed if it happens to fall just below the line between larger groups. 


Fic. 3.—CHART FOR DETERMINING THE ASH-FREE FIXED CARBON FOR ANY ACTUAL 
FIXED CARBON AND ASH. 


With this scheme it is not necessary to have so many groups or class 


names. Indeed, for purely practical purposes, it is only necessary to 
know the percentage of fixed carbon and ash. 


r ’ TaBLe 1.—Classification of Coals by Rank 


(Based on Percentage of Fixed Carbon in the As-received Ash-free Coal, and Desig- 
nated by Number Representing that Percentage; for Example, Coal 56, Coal 70) 


Groups and Classes, with Descriptive Notes, and Previous Designations ae d 
Anthracites (compact texture; nonluminous flame; fixed carbon, 84 per 
cent. or higher): 
CO asec (cast RAT Chote) Po RMN a ci alch, PRY or Shae Al =) rahe vn ap'6 essen) ore esau yocabangt en » 89 
(lang Amelie SCIOIANtM ACIS, -)) om cae cm ocite ¥ vuensjaietsod 26s yea aoa e 84 to 88 
Bitumites or bituminous coals (compact texture; luminous flame; black 
streak; fixed carbon, 35 to 83): 
Class B 1 (‘‘Admiralty,” ‘Smokeless,’ ‘‘Loervol’’).................. 77 to 83 
Class B 2 (‘‘Semibituminous,” ‘‘Low-volatile,” ‘‘Lovol’”’)............ 70 to 76 
GlassabrsaGeVediumevolatie” “Midvol?) foc inc asic ds Bere sce ee eile s 63 to 69 
Class B 4 (“‘High-volatile, low-moisture;” ‘‘Hivol”) ..............-. 56 to 62 
Class B 5 (‘‘High-volatile, medium-moisture;” ‘‘Hiervol’’)........... 49 to 55 
Class B 6 (“‘High-volatile, high-moisture;” ‘‘Moistvol”)............. 42 to 48 
Class B 7 (‘‘Subbituminous,” ‘‘ Black lignite,’ ‘“‘Himoist’’)........... 35 to 42 
Lignites (woody, fibrous, earthy texture; brown streak, buried coals; fixed 
carbon < 35): 
Class L (well compacted when fresh)............2ssseeeceseeceees 28 to 34 
Class LL (“‘brown coal” of Germany, not well compacted when fresh) | 28 to 34 
Peat (surface deposits) 


Le 
¢ For other than common or humic coals add: K for cannels or canneloids, KK for 
bogheads, X for splints, and other numbers or letters as needed. 


if. ae 


one ae the Coal Classification 0! 
that the exact limits of classification are sugge ti 
to future determinations. — 

For a thoroughly practical clasatostice it eats ‘still b 
for the Classification Committee to decide upon a system of desi 
the other qualities of coal aside from fixed carbon, such as size, pere 
of ash, British thermal unit value, percentage of sulfur, 
of ash, and any other qualities that now or in the future may co 
have meaning for some user of coal. At the moment the principal 


oe standardized method of determining the fed ee of coal, 
and that matter is already under study by a subcommittee, on 
Technical Testing. | j . 


[For discussion, sce page 554] ey 
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Outline of a Suggested Classification of Coals 


By Davin Wuirtr, Wasuineton, D. C. 


(New York Meeting, February, 1930) 


WHILE a country is small and its coal fields are not many, it may 
be possible to classify its coals on some basis that avoids both overlap 
and inconsistency, and that may be satisfactory to the particular country, 
such as geographic distribution or geologic age, or regional uses. In 
the adjoining country, however, the coals may differ more or less; 
broad areas may have escaped the erasure of transition zones by erosion, 
and the stages of alteration of the coals may lead to a classification differ- 
ent from and even incompatible with that of the other country. Such 
classifications, developed primarily along national lines, are essentially 
opportunistic. Further, many even of the “‘use’’ terms that have been in 
more common employment with a degree of international application 
have lost their significance and value, due to changes in indystaat 
methods and urban life. 

When the number of coal fields is large and the classification is 
designed to cover the coals of many countries, the groups or divisions into 
which the coals are integrated are found to verge one into another; and, 
though the main divisions may be so naturally composed and oriented 
that they are relatively distinct and readily separated as entities or units 
when taken by themselves, the sequence, through classes, groups, and sub- 
divisions, is so complete that we find transition zones through which 
boundaries must be arbitrarily drawn with minute technical definition. 
This situation, which is conspicuously illustrated in the United States, 
is due to the progressive evolution of all coals, irrespective of geologic 
age, from peats to successively higher ranks, which, if the progressive 
alteration goes far enough, ends with graphite. This evolution is now 
firmly established and its complete acceptance is but a matter of time. 
A classification of all coals in all coal fields can not escape this fact 
and must take into account all the stages in the transformation of the 
fuel from rank to rank through division to division, and through group 
to group. 

The plan here outlined aims at a natural classification of coals based 
on their evolution from peats to graphite. As in other classifications, 
the differentiation of the various groups and divisions takes account 
of changes resulting from the progressive losses of moisture and of 
oxygen of constitution; the relative conservation of carbon; the progres- 
sive increase in fixed carbon (inverse to the loss of volatile matter) in 
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the higher groups, and the at first increasing and later decreasing British 
thermal unit values, all of which mark the carbonization or so-called 
“eoalification’? of the fuels. The plan does not, however, attempt to 
specify the exact percentages and values which may delineate the 
boundaries between the different groups, and requires further analytical 
and calorimetric information regarding some of the divisions. It should 
not be completed without the cooperation of the industrial users of coal. 
The terms used are simple. New Greek derivatives will not make any 
classification more scientific. On the other hand, the more scientific 
in its method and structure a classification can be made, the more fully 
it should be adapted to the requirements of a ‘‘use”’ classification. 


OUTLINE OF SUGGESTED CLASSIFICATION 


Viewed in broad perspective from the classification standpoint, coals 
naturally divide themselves into a number of outstanding and relatively 
easily recognized major divisions or classes which are distinguished by 
more or less obvious physical characters, such as color, density, behavior 
on exposure to air, luster, friability (reflecting the progressive develop- 
ment of cleavage), and recementation, which precedes conchoidal 
fracture. To these may be added moisture content, another very 
important character that may be regarded as, in effect, physical. Even 
some of the subordinate divisions or groups may be characterized by 
physical features before recourse is had to the analysis or thermal test 
for supplementary criteria that are more detailed as well as more exact. 

In the suggested classification, as shown in Table 1, the entire coal 
series, beginning with peat and ending in graphite, is divided into five 
classes, corresponding to the principal natural divisions. These are 
distinguished mainly by physical characters, though, as with the groups 
and subdivisions of different orders, the ultimate hard and fast lines of 
demarcation, which generally fall in transition zones, require arbitrary 
demarcation on a chemical basis, advantageously combined in some cases, 
at least, with British thermal unit values on either the ash-free or the 
pure coal basis. : 


Peats 


The peaty deposits or peats, which comprise the first class, repre- 
sent the first stage of coal—the first step in the process of coalifica- 
tion. The tissues, spore exines, and other structural debris of plants 
that escape fungal disintegration and bacterial decomposition during 
the peat-forming process remain throughout the entire sequence of 
transformations and are present in graphite of sedimentary origin if the 
graphite has not been too severely crushed. In fact, the entire coal 


series is shown to consist of peats in successive stages of alteration — 
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or transformation, with gradual dni ro ee, of PW 


acs . 
moisture and oxygen. Hid S73 
The light peats, often described as “immature,” are usually more — 
distinctly woody than the dark peats, in which the woody tissues of 1 eae 


plants have generally suffered further biochemical decomposition, with 
consequent further disappearance of woody matter. Accordingly, the © 
organic matter has in most cases reached a slightly more advanced stage ofS) 
carbonization, with deoxygenation, in the dark or “mature” peat, — 
which, other things being equal, is indicated by a more favorable analysis 
and calorimetric test. a 
The transition from surface peats to buried and partly dehydrated brown — 7 
coals is essentially complete if one examines Pleistocene and late Tertiary : 
deposits in all parts of the world. It grades through the interglacial a 
““neats’” of Iowa and the neighboring states, the swamp deposits buried . 
in the Pleistocene coastal terraces, and the but little compressed late : 
Tertiary deposits in Texas and Alaska. Therefore, the location of the , 
boundary between the peats and the brown coals is difficult to draw 
and requires arbitrary fixation. It may best be located on the basis of 
the percentage of moisture remaining in the deposit, rather than in terms 
of thickness of cover or loading, which compresses the peat and induces 
its initial step in the long process of dehydration. 


Brown Coals 


The second class embraces the brown coals, including the so-called 
lignites of the U. 8. Geological Survey and the U. S. Bureau of Mines. 
All are more or less distinctly brown when freshly mined, and their prog- 
ress in the scale of coalification is marked conspicuously by increasing 
density and loss of water. Many, at least, of the German brown coal 
deposits fall into the suggested group of unconsolidated lignites. Those 
of North Dakota and the Eocene of Texas and Arkansas, which frequently 
are dense, tough, and relatively little jointed, are covered by the suggested 
term, Consolidated Lignites. Both the Unconsolidated and the Con- 
solidated Lignites include light and dark phases, which are primarily 
inherited from a corresponding light or dark peat ancestry, though, as the 
evolution of the deposits progresses, the light deposits as well as the 
dark become black as they verge into the lowest group of the bituminous 
class—that is, the subbituminous coals—as may be seen in the lig- 
nites of Hocene age in eastern Montana. 


Bituminous Coals 


The separation of the class containing the brown coals from the next, 
the comprehensive class of bituminous or “soft coals,” is based primarily 
on color distinction and follows the present usage of the government 
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bureaus named. ‘This is most logical as well as convenient, though, as 
in other classes and groups, the final definite line of exact differentia- 


tion is necessarily arbitrary. While high in inherited moisture and 


oxygen, and consequently low in B.t.u. values, the brown coals are in all 
these respects superior to their parent peats. 

The bituminous class embraces the deposits known for generations in 
eastern America as “‘soft coals,” a term that antedates the development 
of the subbituminous coals of the Gulf Coastal plain and the western 
states. The coals of this class are distinguished from the brown coals 
by their black color, by the increasing refinement of jointing and 
cleavage, with consequently increasing friability, and by progressive 
elimination of moisture and oxygen with volatile matter, with resulting 
improvement in carbonization and progressive increase in B.t.u. values. 


Subbituminous Coals 


For the group of lowest rank in this class, which succeeds the lignites, 
the term ‘“‘subbituminous,’’ now widely used on this continent, is here 
retained. The group is marked by slacking when exposed for a time 
to the air even under shelter, on account of the large percentage of 
inherited moisture still held by the coal. The group appears to admit 
of desirable division into a high-moisture or low-rank subdivision, 
and a low-moisture unit, in which slacking is slower and less harmful. 
The slacking quality fades very gradually as, concomitant with reduction 
of moisture, the rank of the coal advances. Slacking occurs even in 
many of the coals included here in the lower portion of the commonly 
recognized bituminous group if circumstances are favorable and sufficient 
time is given. In drawing the arbitrary line separating the subbitumi- 
nous group from the next higher, the bituminous, account may be taken 
of the moisture of the ash-free or the oxygen content of the pure coals, 
with coordinated consideration of the British thermal unit values. 
The two groups may be separated relatively easily by a line drawn 
through the thin transition zone in a graph in which total carbons and 
calorific values of the ash-free coals are the ordinates and abscissa. 

The second group in the ‘soft coal” class is characterized by fur- 
ther dehydration and by rapid refinement of cleavage, with consequent 
increasing friability, and by growing B.t.u. values caused by oxygen 
elimination and resulting higher ‘‘available hydrogen” in the decreasing 
volatile matter. Rich in volatile matter, they comprise the typical 
bituminous coals. 

It is generally considered that this group of coals, whose elabora- 
tion is receiving special consideration by the American Committees on 
Coal Classification, calls for subdivision in greater refinement than hereto- 
fore in this country, with definitions to accord more nearly with pres- 


ent ‘ndash uses. The ee subdivisions RR ok) ae may y be 
found adjustable to the industrial viewpoint, especially if the line separat- 
ing the subbituminous coals be not drawn at too high a rank. On > 


the other hand, if that line is drawn very low a further subdivision may 


be needed to include coals of an intermediate position. 

In passing, it may be remarked that “volatile matter” and “fixed 
carbon,’’ as determined by the conventional proximate analysis, are of 
little value in classifying or determining the ranks of peats, lignites, 
and the lower subbituminous coals, though it is of great value in roughly 
indicating the stage of coalification (carbonization) of the higher ranks 
of the bituminous and succeeding groups. In the integration of the 
coals of the lower groups, total carbon and British thermal units of the 
ash-free coals are useful, and they are particularly significant in differ- 
entiating the lignites from the subbituminous group. The use of fixed 
carbon in the differentiation of the mid-rank bituminous and the ranks of 
higher groups ameliorates the need for ultimate analyses in classification, 
however valuable the latter may be in tracing the evolution of the series. 


Superbituminous Class 


For the next higher group in the bituminous class, the name ‘“‘super- 
bituminous” is recommended to supersede the inept term, “‘semibitumi- 
nous” now used, while, at the same time, affording opportunity for a 
desirable slight broadening in scope, with redefinition. The superbitumi- 
nous coals, typified in the Pocahontas and New River groups, are dry, 
and, as shown by the ultimate analyses, are marked by continued dehydra- 
tion and devolatilization, the latter characterized, in particular, by 
important diminution of oxygen and simultaneous relative enlargement of 
available hydrogen, which accounts for the increasing British thermal 
unit values. Calorific efficiency reaches its maximum at or near the top 
of this group which, consequent to increasing refinement of cleavage, 
attains maximum friability at the same time. The higher rank coals of 
this group, which it may be found desirable to separate into high-volatile 
and low-volatile subdivisions, are strictly superbituminous. 


Anthracites 


The anthracitic class, the next master division, is synonymous with 
“hard coals,” long in colloquial use in the eastern states. It is physically 
distinguished from the bituminous or soft coals primarily by recementa- 
tion of the organic matter of the coal which, above the lower group of the 
class, becomes lustrous. Recementation appears to mark an important 
chemical change occurring at the top of the superbituminous group, for 
above this and throughout the anthracitic group, the British thermal 
units decrease with decrease in volatile matter. 
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Subanthracites 


The word “‘subanthracite”’ is here proposed to designate the coals now 
generally classed as ‘“‘semianthracites,”’ the lowest group in the anthraci- 
tic class. The group includes the Bernice coals, the Virginia Pocono 
coals, and similar coals in Arkansas. Physically these coals resemble 
bituminous coals of the middle ranks, being comparatively coherent, so 
that in friability they appear to be readily distinguished from the top 
ranks of the superbituminous group, though differing from the latter by 
decrease in British thermal units with advancing rank. These features 
seem rather readily to distinguish the subanthracites from the super- 
bituminous group. The two groups are readily integrated if the coals are 
graphically plotted with reference to British thermal units and fixed 
carbon of pure coal. 

In view of the considerable range, amounting to approximately 10 
per cent, in the fixed carbon of the subanthracites, it is suggested that 
a division of the group into high-volatile and low-volatile subanthra- 
cites may be useful. 

True Anthracites 


The next higher group in the “hard coal” class embraces the true 
anthracites, which are characterized by lustrous black color and con- 
choidal fracture and which become more prominent as recementation 
becomes more complete. 

In view of the segregation of the subanthracites (present semianthra- 
cites) as a distinct group, it may not be necessary to subdivide the 
anthracites further than to differentiate high-volatile and low-volatile 
ranks. It is suggested, however, that consequent to the advancing 
depletion of the anthracites of the southern anthracite field, the mining of 
the coals in the western prongs of that field and of the western middle 
field may develop the presence of anthracites which, though probably 
lustrous, may be less conchoidal, higher in volatile, and greater in British 
thermal units than any of the anthracite coals now mined in Pennsyl- 
vania, and which may require an additional and lower subdivision under 
the anthracite group. It would conform to expectation based on coal 
evolution if there were somewhere found intergradation from the 
subanthracite group into the more lustrous anthracites. 


Subgraphitic Coals 


The coals of Rhode Island, though retaining the fossil structures 
of the original peat from which they are descended, are now graphitic 
in luster, with a semigraphitic streak. Further, though they can be 
used at some trouble as fuels when burned on special grates or mixed with 
lower rank coals, the principal uses of these graphitic coals are for 
furnace linings, paints and substitutes for more costly refractories. 


metallic gray luster and the graphitic SEAS 3 the group heels. 
by the Rhode Island coals, the term “‘subgraphitic” is accordingly pro- 
posed. Preference as to inclusion of the subgraphitic group in the anthra- 
citic class or the graphitic class may vary with the personal opinions of 
geologists or engineers. 


Graphites 


The graphite group, in the final class, contains only sedimentary 


graphite of such purity or such structure as to warrant regarding it as the 
descendant of a coal. 


Types oF Coan 


The discussion to this point has to do entirely with coals of the 
- ordinary kinds, which are technically known as ‘“‘woody”’ or “humic,” on 
account of the large amount of vascular land plant vegetation and prod- 
ucts of the biochemical decomposition of land vegetation which make up 
the principal plant substance of the deposit. These common coals 
compose the humic or woody type. 

The characteristics of the uncommon or rare types of coal are derived 
from the special conditions under which the organic sediments are 
deposited and the kinds of organisms contributed. The microscopical 
characteristics of these types—spores, algae, etc.—are inherited from 
the recent deposits. The physical features, though not always apparent 
in the initial stages, become clearer as the deposit is consolidated and 
they too continue into the graphitic class. The chemical qualities 
which distinguish these types also are borrowed from the ingredient 
matters of the deposit at the beginning. They change, however, with 
the progressive elimination of volatile matter, especially the oxygen, 
which was comparatively low at the beginning, and are lost before anthra- 
citization takes place. 

Splinty Coals 


The splinty type, concerning which considerable confusion prevails, 
is not always distinguished from the ordinary woody type of coal with 
which it intergrades. It has recently been defined by Dr. Reinhardt 
Thiessen,‘ of the U. 8. Bureau of Mines, as composed mainly of attrital 
and spore exine matter, in which relatively little log, branch, and twig 
wood, humified and jetlike, is to be found. The dense blocklike speci- 
mens described by Dr. Thiessen are said to be further characterized by 
opacity of portions, at least, of the attrital colloid. This opacity, by 


'See p. 644. 
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which also he correlates the material with the durain of the British and 
German coal fields, he attributes e particular original ingredient matters 


of unknown source.? 


The lamination, the slightly lustrous and relatively grayish tint, and 
the frequent layers of fusain (“mother of coal’) on the bedding planes 
of splints immediately distinguish them from the cannels. They show 
that the splints were deposited under very different conditions which, if 
the writer is not mistaken, favored the decomposition of the woody 
matters in an environment in which the surface of the deposit was fre- 
quently exposed to the air. 

The marketed splints belong to the bituminous group, those best 
known having a fixed carbon of about 59 to 62 per cent., pure coal basis. 
The types are recognizable in the subbituminous group and should be 
readily recognizable in the lignitic group, although they have not received 
special attention in those groups. In view of the apparent elimina- 
tion of the chemical characteristics of splints that takes place just before 
or during the advance of the fuel through the superbituminous ranks, the 
term “dry splint’? is suggested to correspond to the superbitumi- 
nous group. 


Canneloid and Boghead Types 


Both the canneloid and the boghead types are aquatic deposits, 
faintly if at all laminated, and mainly massive and conchoidal in fracture, 
though sometimes somewhat slabby. The canneloid type, made up pre- 
dominantly of the exines of spores and pollen grains, verges, by the intro- 
duction of occasional algae, into the boghead, which is characterized by 
fatty algae, mostly of one-celled colonial types, in numbers often so 
great as to make up the greater part of the deposit. In the first stage 
the unconsolidated canneloid type of the peat rank is merely a peat made 
up largely of spore exines. To the corresponding alga deposits, the term 
Alga Saprocol may be applied, “saprocol’”’ having some years ago been 
proposed by H. Potonié for this type of recent sediment. 

As is well known, the cannels are distinguished even in the early 
stages of their development by their high volatile, which is richly hydrog- 
enous; and the boghead series, which are extremely fatty, by their 
extraordinary amounts of very richly hydrogenous volatile matter. The 
different ranks of these types are not yet, however, distinguished by the 
characters or amounts of their volatile matter, which varies with the ini- 
tial composition of the sample. Detailed analytical data showing the 
sequence of changes are not available. Therefore, though the cannels and 


ON = OREN Wie allt = Be J Se eee 
2 The writer is, on the other hand, inclined to regard the opacity as incidental to the 
rank or stage of transformation of the attrital colloid in the particular areas from which 


the samples were obtained. 
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bogheads of the lignitic ranks are generally se ene by their br . 
color, the ranks of these types through the subbituminous and bituminous 
groups are at present determinable only by the ranks and ErouRs af the 
associated coals of the ordinary type. 

In the superbituminous group both the cannels and the bogheads 
appear to have lost not only the characteristically large volume but __ 
also the characteristic richness of their volatile matter, which is reduced _ 
apparently to the level of the ordinary woody coals, so that while they __ 
retain their physical and paleontological characteristics, they lack 
their distinctive chemical qualities and are, in fact, dead or spent. 
On this account the terms “dead cannel” and “dead boghead” are here 
proposed for these types in the superbituminous ranks. Apparently 
the volatile matter of these types is reduced to the common denominator 
of the corresponding rank of ordinary coals in the early stages of the 
devolatilization which marks the superbituminous group. 

Though, as already mentioned, the microscopical and physical fea- 
tures of the cannels, bogheads and splints are recognizable through 
the higher groups, including the subanthracites, the anthracites, and 
the graphitic coals, if their structure has not been obscured by crush- 
ing, these deposits, so far as now known, lack chemical characteristics 
distinguishing them from the corresponding high ranks of the ordinary 
coals. Therefore, although a detailed classification coordinate with 
that of the common coals is of scientific, especially genetic, interest, it 
appears to be of no economic value aside from the fact that the suban- 
thracites and anthracites of the cannel and boghead types are gen- 
erally less friable and consequently suffer less waste in handling. 
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ULTIMATE DEFINITIONS 


The demarcation of the precise boundaries between the successive 
classes, groups, and subdivisions suggested in the foregoing classifi- 
cation may be defined in terms of moisture, oxygen, fixed carbon or 
total carbon, and British thermal units, using probably only two of these 
factors. These boundaries should not be drawn without reference to the 
uses to which the coals are especially fitted. A genuinely scientific 
classification and a sound and fearlessly drawn use classification should 
coincide, at least in their main features. Classification bent to meet 
geographic boundaries or jerrymandered to suit trade names or market 
abuses can not hope for widespread adoption or permanence, 


DISCUSSION 


H. G. Turner, Bethlehem, Pa. (written discussion).—Dr. White’s suggested 
classification of coals is a very complete, simple and scientific classification. I am 
particularly pleased to see the change in the terms semibituminous, semianthracite 
and superanthracite. These terms were always misleading and ought not to have 
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been used in the first place. The new terms superbituminous, subanthracite and sub- 
graphite leave no question as to the rank of coal which they designate. 

T can see where those who are interested in a use classification may object to the 
terms “dead cannels” and ‘‘dead bogheads.” I have heard the term “‘dead”’ applied 
frequently to old weathered coals which have lost a lot of their efficiency through long 
exposure. Perhaps the terms ‘‘former cannel” or “with cannel structure” might be 
more acceptable ] i 

The term “cleavage” has been applied to coal by many writers including myself. 
I think that “‘regular fracture” is a better term, for cleavage as used in connection 
with coal is not the same as cleavage developed in minerals and rocks. 

In connection with the subgraphitic coals of Rhode Island, I think the statement 
that these coals still retain the fossil structures of the original peat is somewhat mis- 
leading. The only evidence of plant structures shown in much of this coal is the occa- 
sional chip or film of fusain. 

_ This classification is, in my opinion, a firm foundation upon which to build 
further refinements. 


G. H. Capy, Urbana, III. (written discussion).—The classification proposed by 
Dr. White possesses characteristics based upon naturalistic considerations that cannot 
well be ignored in any scientific classification. It might be called a genetic-metamor- 
phic classification since it recognizes classes in accordance with the stages of metamor- 
phism and types in accordance with the type of organic material from which it was 
formed. The classification suggests that metamorphism produces changes which 
eventually obscure or obliterate chemical distinctions between types. To the present 
writer the suggestion comes that subdivision of coals into two main groups might 
be possible on the basis of this distinction, one group being that in which division into 
types is possible, the other one in which division into types is impossible. 

The recognition of the so-called splinty type of coal may be based upon valid 
distinctions. It appears to the present writer, however, that a more definite indica- 
tion of the nature of the ‘opaque matter” in such coals is necessary before we can be 
certain that it actually constitutes a separable and determinable entity. If the dis- 
tinction is valid, as Dr. Thiessen seems to believe, it is hoped that the nature of the 
material may be soon definitely established. 

Although, for purposes of scientific classification, distinction exists between bog- 
head and canneloid types of coal, practically it is probably a distinction of no great 
value, and it seems probable that the two types will be combined into one in adapting 
the scientific classification to practical uses. 

The classification does not indicate that there may be coals representing transition 
between types, that is, xyloid-cannelloid or xyloid-splinty, etc. It seems probable 
that transition from type to type may exist as well as transition from class to class. 

Greater recognition of the constitution of coal is a step in the right direction toward 
a more naturalistic classification. It is somewhat of a surprise, however, to find 
associated with such differentiation, separation based upon empirical consideration 
of the sort providing the basis for separation into groups. Here distinctions of quite 
a different sort are appealed to than those providing naturalistic separation into types 
and classes. Particularly does it seem unfortunate to raise distinctions based upon 
the so-called slacking properties of coal when other distinctions such as heat value, 
moisture content, and coking properties are equally if not more important and 
probably better founded on experimental evidence. 

The difficulties with the selection of slacking propensity as a basis of naturalistic 
classification at the present time are several, but chief is the lack of accurate informa- 
tion in regard to the nature of slacking. For instance, ‘‘black lignites”’ have, at least 
in some instances, the property of breaking or checking when air-dried in the same 
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manner as gels. Certain of the coals, which apparently Dr. White includes in his 
subbituminous class, do not possess this characteristic at all. They may break up 
somewhat by weathering, but this seems to take place along incipient more or less 
vertical tight seams along which calcite, gypsum, or pyrite “ facings” are usually found 
or along fusain partings. The slacking propensity of the ‘black lignites”’ appears to 
be one thing, that of the high-moisture bituminous coals another. Even distinction 
based upon moisture content must be exercised with care, as the difference between 
coals is not great. If slacking is to be used as a basis of distinction, it appears to the 
writer that it might better be applied to distinguish coals which check upon air-drying 
from those that do not, than at a higher position in the series. Certainly such coal 
would be found to slack down much more readily when treated to the accelerated 
weathering test used by the Bureau of Mines than coals of the true bituminous type. 


D. Wuirte (written discussion).—The term spent cannel—meaning that the cannel 
had lost its distinctive chemical property—might be used instead of ‘‘dead”’ cannel. 
So also as to bogheads. Both types retain type characters through more advanced 
stages of carbonization. 

[For additional discussion, see p. 554.] 
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Status of Coal Classification in Canada* 


By R. E. Gitmors,; Orrawa, Ont. 


(New York Meeting, February, 1930) 


Tuis paper is a revision of a former paper published in mimeograph 
form by both the Canadian and American coal classification committees, 
and is now presented for the purpose of acquainting those interested with 
the present status of coal classification in Canada. The classification 
employed for ‘‘Customs purposes” is detailed, and the classification 
schemes from which the customs classification was derived are reviewed 
and discussed. The activities of the Canadian coal classification commit- 
tee, namely, the Associate Committee of Coal Classification and Analysis 
of the National Research Council, is also reviewed. 


RESERVES, PRODUCTION AND UsEs oF CANADIAN COALS 


The total coal resources of North America are estimated to be 69 
per cent. of those of the world, and of this portion, the distribution is 
52 per cent. for the United States and 17 per cent. for Canada. Accord- 
ingly, Canadian coal resources amount to approximately one-third of 
those of the United States, and one-sixth of those of the world. As for 
the geographical distribution, the bulk of the known coal deposits are 
in the extreme eastern and western portions of the country. Employ- 
ing the usual, more or less loosely defined, designations for the different 
classes and subclasses of coal, the distribution of the Canadian coal 
resources, according to provinces, is as follows: 


Maritime Provinces: Nova Scotia and New Brunswick Bituminous and semibitu- 
minous coals. 


Oferta HOTUNETT PANt) secs © Ya eh gas soy a olay hos cope ce Lignite. 
Saskatchewan (and Manitoba)...................005- Lignite. 
Mibertacamed-britisn OColumbidi... views ac cds nn +e eee: Lignites, subbituminous, all 


kinds of bituminous, 
semibituminous and 
semianthracite coals. 


Of the total reserves, roughly 92.5 per cent. is credited to the noncok- 
ing lower rank subbituminous and lignite groups, the bulk of which are 


* Published by direction of the Chief of Division of Fuels and Fuel Testing, by 
permission of the Director of Mines Branch, Department of Mines, Canada. 
+ Superintendent, Fuel Research Laboratories, Department of Mines, Canada. 
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in Alberta. Less than 0.5 per cent. of the total belong “iets 
higher rank semianthracite and semibituminous group, leaving 
mately 7 per cent. in the bituminous coking-coal class. The coal 
duction figures, however, tell a different story. Of the total outp 
seventeen and one-half million tons (in ae ee million 


output in New Brunswick. The Pcaietieiyt of this Bb peti. 
is mainly for steam raising and power purposes in railway locomotives _ 
and in industrial establishments. In the coal-bearing provinces bitumi- ‘a 
nous coals are also used extensively as a domestic fuel for heating houses _ 
and large buildings. The remaining 26 per cent., amounting tofourand _ 
one-half million tons annually, is mined mostly in Alberta and belongsto 
the noncoking subbituminous and lignite groups. 
On account of the noncoking qualities and the comparative freedom _ = 
from smoke when burned, lower rank coals find extensive use for house- ’ 
hold heating, and for this reason are known as domestic coals. They also 
find extensive use for steam raising and other similar purposes, for which 
the cost in comparison with that of other coals available is the deciding __ 
factor. Although the consumption of Canadian coals for uses other than . 
mentioned is not large, the prospect of a steady increase in the use of 
bituminous coals is promising, especially for city gas and by-product 
coke industries; in the glass, ceramic and cement industries; for smithy — 
and other special uses. The greater utilization of Canadian coal for all 
these uses is the objective of the work of the Fuel Research Laboratories 
at Ottawa and other fuel-testing and research organizations in Canada. 
Considerable interest is being taken in furthering a comprehensive use 
classification for the different groups of (Canadian) coals, more or less in 
cooperation with the activities of the Use Classification Technical 
Committee of the American Standards Assn. Technical Committee. 
The purpose of this paper, however, is to review the status of the coal 
classification in Canada, mainly in respect to “‘scientific”’ classification, 
rather than to deal further with the general and special characteristics 
for special uses. 


— An 


CLASSIFICATION OF CANADIAN COALS 


For classifying Canadian coals, the chemical, physical and general 
characteristics have been used. A great deal of attention has been given 
to the geological formation and to the general characteristics of the coal 
deposits in different parts of the country. For classification purposes, 
more attention has been paid to the chemical than to the physical 
properties; 7. e., appearance, density. The term “general characteristics” 
is applied to handtiapt storage and burning qualities, and so forth. 
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The tate] Dr. D. B. Dawiing Geatouiet of the Department of Mines, 


oes nid Prof. Edgar Stansfield of the Industrial Research Council of Alberta, 


and formerly Chief Engineering Chemist of the Mines Branch, Fuel 
Testing Division, were pioneers in the work of classifying Canedion 
coals. During recent years, J. H. H. Nicolls of the Fuel Research 
Laboratories and Dr. B. R. MacKay of the Geological Survey, as well as 
the writer and others, have been giving considerable attention to coal 
classification matters. 

Dowling, in his earlier coal classification work, described the Geological 
formations and certain physical properties, and employed what he 
termed the “split volatile ratio” involving proximate analyses only. In 
his later Canadian coal resources publications he adopted the ‘‘ Twelfth 
International Geological Congress”’ classification scheme which, it is to 
be noted, included his split volatile ratio scheme. For Alberta coals, 
Stansfield first employed Parr’s system of calorific values plotted 
against volatile matter, using however the calorific values on the as-mined, 
adjusted-ash basis instead of on the unit-coal basis. In a recent publica- 
tion! by Stansfield and Sutherland, in which some 20 or so of the better 
known classification schemes are treated, the scheme showing calorific 
value plotted against the volatile matter, both on the ‘‘pure raw coal 


_ basis,” is stated to give the most satisfactory arrangement for Canadian 


coals. Nicolls has been studying the most important coal classification 
schemes based mainly on chemical characteristics, and after fitting in all 
the reliable analyses on record, he hopes to draw a definite conclusion as 
to what schemes are most suitable for the coals of Canada, that is, when 
correlated with the known physical and general characteristics. 


REVIEW OF CLASSIFICATION SCHEMES ADVANCED FOR CANADIAN COALS 
1. Dowling’s Split Volatile Ratio*—This classification employed 
the formula 


Percentage of fixed carbon + }4 percentage of volatile matter 
Percentage of moisture + 14 percentage of volatile matter, 


The percentages were on the air-dried basis, and the division into classes 
according to this scheme was as follows: Anthracite with split volatile 
ratios of 15 and above; semianthracite, 13 to 15; anthracitic coal, 10 to 
13; high-carbon bituminous, 6 to 10; bituminous 3.5 to 6; low-carbon 
bituminous, 3 to 3.5; lignitic coal, 2.5 to 3, and lignite, 1.0 to 2.5. 


1. Stansfield and J. W. Sutherland: The Classification of Canadian Coals. 
Canadian Mining and Metallurgical Bull. (1929) No. 210, 1158. 

2 D. B. Dowling: The Coal Fields of Manitoba, Saskatchewan, Alberta and Eastern 
British Columbia. Geological Survey, Department of Mines, Canada (1909) Pub. 
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general haviine aes anid’ in a cases the coking and 
qualities, are also described. This classification, as” sii 
was in part as follows: . 


Class A: ; 

(1) Burns with short, blue flame; 3 to 5 per cent. volatile matter; 
fuel ratio 12 and over; calorific value 14,500 to 15,000 B tu; 
carbon 93 to 95 per cent., hydrogen 2 to 4 per cent., oxygen and 
nitrogen, 3 to 5 per cent. ae 

(2) Burns with slightly luminous, short flame and little arueee ai 
does not coke; 7 to 12 per cent. volatile matter; fuel ratio 7 to 12; 
calorific value generally 15,000 to 15,500 B.t.u.; carbon 90 Cates, 
93 per cent., hydrogen 4 to 4.5 per cent., oxygen and nitrogen 
3 to 5.5 per fone 

Class B: 

(1) Burns with short, luminous flame; does not readily coke; volatile 
matter 12 to 15 per cent.; fuel ratio 4 to 7; calorific value generally 
15,200 to 16,000 B.t.u.; carbon 80 to 90 per cent., hydrogen 4.5 
to 5 per cent., oxygen and nitrogen 5.5 to 12 per cent. : 

(2) Burns with luminous flame; generally cokes; volatile matter 
12 to 26 per cent.; fuel ratio 1.2 to 7; calorific value 14,000 to 
16,000 B.t.u.; carbon 75 to 90 per cent., hydrogen 4.5 to 5.5 per 
cent., oxygen and nitrogen 6 to 15 per cent. _ 4 

(3) Burns freely with long flame; withstands weathering but fractures __ 
readily and occasionally has moisture content up to 6 per cent.; 
makes porous tender coke; volatile matter up to 35 per cent.; 
split volatile ratio 2.5 to 3.3; calorific value 12,000 to 14,000 
B.t.u.; carbon 70 to 80 per cent., hydrogen 4.5 to 6 per cent., 
oxygen and nitrogen 18 to 20 per cent. * 

Class C: : 

(1) Burns with long, smoky flame; yields from 30 to 40 per cent. 
volatile matter on distillation, leaving very porous coke; fracture 
generally resinous; calorific value 12,000 to 16,000 B.t.u. 

Class D: 

Generally contains over 6 per cent. moisture; disintegrates on drying; 
streak brown or yellow; cleavage indistinct. 

(1) Moisture in fresh-mined, commercial output up to 20 per cent.; 
fracture generally conchoidal; drying cracks irregular curved 
lines; color generally lustrous black, occasionally brown; split 
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ft “a carbon 60 to 75 per cent., hydrogen 6 to 6.5 per cent. , oxygen and 
nitrogen 20 to 30 per poet 


(2) Moisture in commercial output over 20 per cent.; fracture gener- 


ally earthy and dull; drying cracks generally separate along bed- 
ding planes, often with fibrous (woody) structure; color generally 
brown, sometimes black; calorific value 7,000 to 11,000 B.t.u.; 
carbon 45 to 65 per cent., hydrogen 6 to 6.8 per cent., oxygen 

and nitrogen 30 to 45 per cent. — 


In this classification, according to the writer’s understanding, the 
calorific value ranges and the ultimate analysis ranges are on the dry and 
ash-free basis, whereas the volatile matter values appear to be on the 
as-mined basis. The 6 per cent. and over moisture content of Class D 
is, however, considered to be on the air-dried basis. As will be noticed, 


the scheme consists of eight divisions of subclasses fitted into four 


main classes, which according to Dowling* conforms to the follow- 


- ing nomenclature: 


. 


Al, anthracite coal. 
A2, semianthracite coal. 
B1, anthracitic coal and high-carbon bituminous coal. 
B2, bituminous coal. 
B3, low-carbon bituminous coal. 
C, cannel coal. 
D1, lignitic or subbituminous coal. 
D2, lignite. 
This classification has seemingly not received serious consideration, 
mainly on account of the lack of proper coordination of the chemical 


criteria in the individual classes. Despite the fact that a classification 


like this one with more than two variables is almost sure to run into 
difficulties, the descriptions of burning qualities and coking properties 
of the higher rank coals and the recognition of the moisture content 
and weathering qualities of the lower rank coals is noteworthy, and in 
this respect the classification has merits. Since its 6 per cent. moisture 
clause for the lignitic or subbituminous class has been made use of for 
““Customs purposes,” it is repeated here in somewhat abbreviated form, 
as above. 

3. Stansfield’s Classifications.—Following the scheme of calorific 
value plotted against volatile matter, as employed by Parr, these classi- 
fications deserve special mention on account of their apparently successful 
application to Canadian coals. His 1925 classification based on the 


4D. B. Dowling: Coal Fields and Coal Resources of Canada. Mem. 59, Geological 
Survey, Canada (1915) viii of Preface. 


paeelatare ratio 18 to 25: auloriié mabe 10,000 to 13, 000 B. ne = 


i 1 per cent. maar ee hacia was : 
this scheme the bituminous coals are div 
“long-flame” coals, with volatile matter contents be 
per cent. respectively and with the calorific value dividing ie a 
(B.t.u. per pound). The subbituminous class ranges from | 
10,000 B.t.u. with the dividing line between the so-called black 
lignites at 8200 B.t. u. “4 oF 1 


this time on ‘‘pure raw coal’ basis, that is, on ne tis as mined i ee 

calculated to the ash-free basis instead of with adjusted ash as above. = 
Four main classes or ranks; namely, anthracites, bituminous, subbitumi-_ 
nous and lignite or brown coal are recognized, the bituminous and ; sub- 
bituminous classes being each divided into three subclasses, viz., “uppe 
middle and lower.” The grouping and nomenclature suggested for 
Canadian coals is shown in Table 1. , 


. 


TaBLe 1.—Stansfield and Sutherland (1929) Classification 


Percentage of Vola-| Calorific Value on Pure Raw 
Rank of Coal tile Matter in _ Coal Basis, B.t.u. per 
Pure Raw Coal Poun 

Anthtacitele.- . .ctten + ancste a Mente ae 2-8 14,000-16,000 
Semianthracitesse: cease ote nae 8-12 14,000—16,000 
Wpper bituminous) scans. e te eens s 12-20 14,000—-16,000 
Middle, bisuminous sth. icin eon eaeics 20—(380-45) 14,000-16,000 
Lower: bituminoug) staan eee ce ake eee 30-50 12,750—(14,000—16,000) 
Upper subbitumimousig. cu: weiner: 11,750-12,750 
Middle'subbituminous:<\.2..0 es. eee 9,000—11,750 
Lower subbituminous.................. 7,000— 9,000 
Lignite and brown coal................. te4 ~ 


CLASSIFICATION FOR CANADIAN ‘‘Customs PurpPossEs”’ 


For customs tariff purposes, only three classes of coal are recognized; 
viz., anthracites, bituminous coals, lignites and lignitic coals. 

Anthracite and Bituminous Coals.—Inasmuch as anthracites on one 
hand and lignites on the other are on the duty-free list, leaving bituminous 
coals as the only dutiable class, it has been necessary to draw arbitrary 
dividing lines between these aokees In the above classification, accord- 
ing to the writer’s understanding, it is assumed that the anthracite class 
includes what are generally known as the semianthracites and likewise 
the bituminous class includes the semibituminous coals. The arbitrary 
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__ dividing line between the anthracites and the bituminous coals is, there- — 
fore, the dividing line between the semianthracites and the semi- 
bituminous subclasses. 
The procedure for determining whether a coal is to be classed as 
anthracite or bituminous is in part as follows: The sample received in the 
laboratory, which is assumed to be satisfactorily representative of the 
lot sampled, is subjected to an ordinary proximate analysis according 
to standard A. 8. T. M. procedure. If the residue in the crucible after 
the determination of volatile matter can be fairly considered as coked or 
caked or shows distinct signs of agglomeration, the coal shall not be 
classed as anthracite; but coals that do not coke and which have a fuel 
ratio (fixed carbon/volatile matter) of 6 or more are for ‘Customs 


¥ purposes”’ to be classed as anthracite. 

% Ingnite and Ingnitic Coals—According to Appraisers’ Bulletin 2814 
; (Department of National Revenue) dated August, 1923, “Lignite and 
f lignitic coals are to be defined as those grades of coal having on the air- 
a dried basis not less than 6 per cent. moisture content.” 

Z This definition, which originated through correspondence and con- 


| ferences between representatives of the Canadian Department of Mines 
a and the Alberta Government with the Customs Department, carried with 
it the following explanatory notes: (1) “‘The standard method for 
air-drying referred to above is that recently adopted by the Provincial 
Government of Alberta, and by the Department of Mines, Ottawa, and 
consists of exposing the crushed coal in shallow layers at room tempera- 
ture in an atmosphere of approximately 60 per cent. humidity; (2) 
The words lignite or lignitic coals and subbituminous are used as inter- 
changeable, but since the word subbituminous really means under 
bituminous, or in other words, lower grade than bituminous, all grades 
lower than true bituminous coals are to be classed as belonging to the 
large class of lignite coals and may be termed lignites; and (3) The above 
classification may be further strengthened by applying the most recent 
classification of Professor Parr of the University of Illinois.” 

The clause regarding 6 per cent. air-dried basis moisture content, 
it will be noticed, followed that recommended for Class D coals (lignitic 
or subbituminous) in the Twelfth International Geological Congress 
classification, and the reference to Parr’s classification mentioned in 
the third explanatory note referred to the boundary line of 14,000 B.t.u. 
per pound “unit coal” between bituminous (western type) and sub- 
bituminous coals in his 1922 classification. In the writer’s opinion, 
therefore, the definition as employed for customs purposes may be inter- 
preted as comprising those noncoking coals having (a) not less than 6 
per cent. moisture content when air-dried at room temperature in an 
atmosphere of approximately 60 per cent. humidity, and (6) less than 
14,000 B.t.u. per pound on the dry, ash-free (unit coal) basis. 


The imports of coal into Casini in 1928 are reported: 
roughly seventeen and three quarter millions (short) to 
amounted to considerably less than one million tons, so ne the su 
of imports over exports was nearly equal to the total production 
the total imports, roughly three and three quarter million tons, practic, 
all anthracite, was duty free, leaving about fourteen a tons as dat 
able bituminous coal. ‘ 

The distinction between the duty-free anthracites and the auttabae a 
bituminous coals emphasizes the coking properties and independent of __ 
the arbitrary fuel-ratio dividing line employed, if the coal in question 
cokes or shows distinct signs of caking or agglomerating, it is ruled out 
of the anthracite class. Likewise, with the lower rank coals, since coals 
in the bituminous class are, by the better known classifications, charac- 
terized as coking coals, and the subbituminous as noncoking, the coking 
property is a factor in deciding whether a coal may be classed as a dutiable 
bituminous coal or as a subbituminous coal for free entry. Obviously, — 
therefore, with the present arbitrary dividing lines between the noncoking 
anthracites and the coking bituminous coals on the one hand and the 
bituminous coals and the noncoking lower rank coals on the other hand, 
instead of defining first anthracites and then lignitic coals, the feasibility 
of making one definition only, for the dutiable class, may be considered. 
Accordingly, bituminous coals may be defined as those coals having slight 
to distinct coking properties, which when analyzed according to standard 
laboratory methods show (1) a fuel ratio of fixed carbon divided by 
volatile matter of less than 6, and (2) calorific values on the dry, ash-free 
basis, greater than 14,000 B.t.u. per pound. 

Although seemingly quite workable, certain complaints arise from 
time to time regarding the arbitrary dividing lines now employed. One 
of these is as to whether or not 6 is the proper fuel-ratio dividing line 
between the semianthracites and the semibituminous coals. According 
to Ashley’s earlier classification (for Pennsylvania coals) and other classifi- 
cations, the range of 6 to 7, and even 5 to 7, was used, whereas the dividing 
line recently advanced by Campbell, and adopted by the U. S. Geological 
Survey, is 5. 

The bulk of the anthracite imported from Pennsylvania has a fuel 
ratio above 10, the recognized dividing line between the so-called true 
anthracites and the semianthracites. Considerable amounts of the 
high-rank coals well above the fuel ratio of 6 or 7, and some grades with 
a fuel ratio as low as 5, all with good physical properties in respect to 
hardness and friability, come in from the United States. The Scotch 
anthracites, with physical properties seemingly equally as good as certain 
of the hard Pennsylvania and Virginia anthracite-like coals, are distinctly 


be ies | 


R. E. GILMORE 537 


-semianthracite as judged by fuel ratio. As for Welsh anthracites, the 


best quality coals with 3 to 6 per cent. ash, and fair to good handling 


_ properties, have fuel ratios of 10 to 11 and higher, whereas a considerable 


part of the Welsh coal imported as anthracite falls appreciably below 
the fuel-ratio line of 10, and in certain cases is dangerously near the 
dividing line of 6. For these coals, as the fuel ratio drops below 10, 
the friability becomes poorer, and signs of agglomerating and coking 
appear for coals with a fuel ratio in the neighborhood of 6. It is for 
this reason that there is a tendency to class the more friable Welsh 
coals into the low-volatile bituminous steam-coal group, instead of. into 
a subclass of the main anthracite class; in fact, in the trade there has been 
an expressed desire to consider the Welsh so-called semianthracites as 
a class entirely separate from anthracite entitled to free entry as a 
domestic (household) fuel. 

The arbitrary dividing line of 6 per cent. air-dried moisutre content 
between the lignite and subbituminous coals on the one hand and the 
bituminous coals proper on the other as now employed for customs 
purposes has, the writer understands, been serving its purpose fairly 
well. In the province of Alberta, there are certain areas containing 
coals with an air-dried moisture content both slightly below and above 
this line, though seemingly coals from individual mines in these areas 
are apparently definitely either above or below the line in question. The 
writer’s attention, however, has been drawn to a situation in the state of 
Washington, where from a certain mine are produced coals with air- 
dried moisture contents on both sides of the 6 per cent. dividing line, 
for which coals it has also been noted that the 14,000 B.t.u. per pound 
(dry, ash-free basis) figure coincides fairly closely with the dividing line of 
6 per cent. air-dried moisture content. In other words, from a particular 
mine may be found coals that require differentiation when applying the 
customs classification as now in force. 

Although not strictly necessary, it is strongly desirable that a customs 
classification should conform to a recognized scientific, commercial 
classification, and it is hoped that the efforts of the coal classification 
committees now active will succeed in arriving at a classification that can 
be adopted internationally, at least by Canada and the United States, 
and be of service for customs purposes as well as for scientific and 
industrial use. 


NOMENCLATURE 


Application of the recently advanced and more reliable classification 
schemes to Canadian coals reveals the fact that what have been known 
in Canada as lignite and lignitic coals by certain of the older classifications 
come in the so-called subbituminous class, and certain of the subbitu- 
minous coals may be grouped in the low-carbon bituminous class. Just 


than a Saose: ina dividing line would tine fig dicen For | exam 
if it is desired to maintain the present status in respect to the arbitr 
dividing line between the lower rank dutiable and duty-free classes 
coal instead of defining “lignite coals’’ as now attempted, all that w 
be necessary would be to drop the names “‘lignite and lignitic coals 
and substitute the wording ‘‘all coals having less than 6 per cent. moisture “ae 
on the air-dried basis,” etc. Hence efforts to obtain a classification — S35 
scheme suitable for both Canadian and American coals may proceed 

irrespective of that now employed for customs purposes, as any changes 

that may be desired may be fitted later into an internationally acceptable 

coal classification. 

As for the noménclature to be finally Gace for the different classes - 
and groups of coals, the writer is quite in sympathy with the desire 
of the executive of the A. E. 8. Sectional Committee on the Classification 
of Coal to delay serious discussion until the number of classes and groups 
are decided upon, but at this stage would like to insert some comments 
on these, and in particular to the prefix “‘semi’’ as used with the terms 
semianthracite and semibituminous. Although seemingly as difficult 
to effect a change in these terms as it is to change one’s name, yet notwith- 
standing, it is generally agreed among those in Canada most interested 
in coal classification matters that a change should be made in either 
or both of these names. ‘This is in accord with the viewpoint expressed 
by Stansfield and Sutherland, who, in their recently published classifica- 
tion, suggested for Canadian coals as detailed above, use for both the 
bituminous and subbituminous classes the terms “upper,” ‘‘middle” 
and “‘lower”’ to differentiate three groups in each class. 


CANADIAN COAL CLASSIFICATION COMMITTER 


The Associate Committee on Coal Classification and Analysis of the 
National Research Council was formed early in 1928, since which time 
it has been active in coal classification matters. This committee. traces 
its origin to the attendance by special invitation of several representatives 
from Canada to the A. E. §. C. preliminary meeting held at the time of 
the First International Conference on Bituminous Coal in Pittsburgh, 
November, 1926, out of which meeting grew the present Sectional Com- 
mittee on Classification of Coal (under sponsorship of American Society 
for Testing Materials, and rules of American Engineering Standards 
Committee). During the interval between this time and the first general 
meeting of the Canadian committee, the writer was the single Canadian 
representative, as a member at large to the American sectional committee. 
Realizing that Canada’s interests were sufficiently different from those 
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= of the United States to render a separate committee highly desirable, a er 
Canadian associate committee was appointed by the National Research 
Council, the cooperating organizations being the Alberta Research 
Council and the Dominion Department of Mines. The function of this 
committee is twofold; namely, to make a special study and report on 
coal classification matters peculiar to Canada, and to work in close 
cooperation with the American sectional committee. By the interchange 
of representatives and reports of the Canadian and American committees, 
_ each committee is kept informed of the work of the other, thus to further 
_ the mutual purpose of working out a system of classification applicable 
to the coals of the North American continent. ‘The meetings of the 
Canadian coal classification committee are held in different parts of the 
country, and are generally timed to coincide with annual or semi-annual 
meetings of technical societies or conventions. The first general organ- 
ization meeting was held in London, Ontario in June, 1928, at the time of 
the Annual Convention of Canadian Chemists, and the second general 
meeting in October, 1929, at Edmonton, Alberta, in conjunction with 
the western Annual Meeting of the Canadian Mining Institute. 
The personnel of the Associate Committee on Coal Classification and 
Analysis is as follows: 


Joint Chairmen: 
Dr. H. M. Tory, President, National Research Council, Ottawa, Canada. 
Dr. Chas. Camsell, Deputy Minister, Department of Mines, Ottawa, Ont. 
a Secretary: 
F. E. Lathe, Technical Assistant to President, National Research Council, Ottawa, 
Ont. 
Members: 
F. A. Combe, Consulting Combustion and Steam Engineer, 1188 Phillips Square, 
Montreal, Que. 
J. B. DeHart, Inspector of Mines, Alberta Mines Branch, Lethbridge, Alta. 
J. R. Donald, Director, J. T. Donald Co., 40-42 Belmont St., Montreal, Que. 
George Drummond, Consulting Engineer, Drummond Company, McGill Bldg., 
McGill St., Montreal, Que. 
G. S. Eldridge, Consulting Engineer, Cave Building, 567 Hornby St., Vancouver, 
B. GC; 
A. E. Flynn, Department of Mining Engineering, Nova Scotia Technical College, 
Halifax, N.S. 
John D. Galloway, Provincial Mineralogist, Department of Mines, Victoria, B. C. 
R. E. Gilmore, Superintendent, Fuel Research Laboratories, Department of Mines, 
Booth St., Ottawa, Ont. 
F. W. Gray, Asst. General Manager, British Empire Steel Corpn., Sydney, N. 8. 
Charles R. Hazen, Vice-President, Milton Hersey Co., 980 St. Antoine St., Mon- 
treal, Que. 
B. R. MacKay, Geologist, Geological Survey, Department of Mines, Ottawa, Ont. 
A. Mailhiot, Professor of Geology, l’Ecole Polytechnique, Montreal, Que. 
John McLeish, Director, Mines Branch, Department of Mines, Ottawa, Ont. 
W. E. McMullen, Deputy Minister, Department of Lands and Mines, Fredericton, 


N. B. 


. “Ont: 
F. H. Sexton, | Promdent) 


_ Edgar Stansfield, Professor, Tehaa 
Edmonton, Alta. 7 
L. R. Thomson, Consulting Engineer, New Birks Building, C 
Qe 


Origin, Constitution, Location and Occurrence of Coal. 
Chairman: 
B. R. MacKay. 
Members: — 
W. A. Bell, W. S. Dyer, J. D. Galloway, I. W. Jones, T. M. Molloy She E. s. * 
Moore. 
Applicability of Proposed Scientific Classification Schemes to Canadian Coals. 
Chairman: 
Edgar Stansfield. ; 
Members: 
J. A. Allan, G. S. Eldridge, R. E. Gilmore, B. R. gee J. H. H. Nicolls, 
F. H. Sexton and J. W. Sutherland. 
Sampling, Analysis and General Uses of Canadian Coals. 
Chairman: 
R. E. Gilmore. 
Members (Analysis and Sampling Section): 
J. R. Donald, G. S. Eldridge, C. R. Hazen, J. H. H. Nicolls, L. J. Rogers and E. 


Stansfield. ; 
(Uses of Canadian Coals Section): " 
C. E. Baltzer, J. B. DeHart, A. E. Flynn, J. D. Galloway, F. W. Gray, G. H. . 
Jenkins, F. G. Neate, R. A. Strong and L. R. Thomson. ~ wR 


For the twofold purpose of furthering the use of Canadian coals for. 


different specified purposes, and of being of service to the Use Classifica- 
tion Technical Committee of the American Sectional Committee, 
individual uses have been assigned to the special attention of various 
members as follows: 


Domestic bituminous coal, east and west: F. W. Gray, Sydney, N. S., and J. D. 
Galloway, Victoria, B. C. respectively. 

‘‘Domestic”’ subbituminous and lignite coals: J. B. DeHart, Lethbridge, Alta. 

Domestic anthracite from United States and British Isles: L. R. Thomson, Mon- 
treal, Que. 

Coal for different types of railway locomotives: G. H. Jenkins, Montreal, Que. 

Coal for steam generation in pulverized form and coal for domestic coke and city 
gas: C. EK. Baltzer and R. A. Strong respectively, both of the Fuel Research Labora- 
tories, Department of Mines, Ottawa, Ont., Canada. 


[For discussion, see page 554.] 
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~ Multibasic Coal Charts 


By Harotp J. Rosn,* Pirrspuras, Pa. 


(New York Meeting, February, 1930) 
One picture is better than ten thousand words.— Old Chinese Proverb. 


Grapuic methods have long been used to advantage in dealing with 
diverse phases of fuel technology and research. Not only are graphs 
convenient for presenting data and making calculations, but they are 
invaluable for deriving generalizations from a mass of data. This is 
‘particularly true when relationships are obscure and numerical correla- 
tion is poor. 

. This paper describes a new form of graph, the Multibasic Coal Chart, 
which has been developed to facilitate the study and comparison of coals 
of all ranks from peat to anthracite on any moisture and purity basis. 
This type of chart is of unique value for coal classification purposes, since 
it permits a direct visual comparison of the results obtained when coals 
are classified by the various systems which have been proposed. 

Coals are highly variable in character as a result of wide differences in 
original vegetal ingredients, degree of metamorphism, and nature and 
amount of associated impurities. For nearly 100 years, attempts have 
been made to devise a satisfactory method of classification, and many 
tables, formulas, ratios and graphs have been suggested. Many of the 
suggested systems possess considerable merit and have found a limited 
use, thus promoting a better understanding of coal. However, objections 
have been raised against each system, and none has received general 
adoption. When the various systems of classification are compared, it is 
found that there is an apparently almost hopeless confusion due to: 

_-1. Serious lack of agreement as to the proper moisture and purity 
basis on which to classify coal. More than ten different bases have been 
proposed, each of which requires complete recalculation of the analysis 
data used. 

2. Lack of agreement as to what chemical and physical properties 
are most important and best to use for classification purposes. There is 
too little knowledge of the degree to which these properties can 
be correlated. - 


* Director, General Laboratory Dept., The Koppers Research Corpn.; Chairman 
A. 8S. T.M. Technical Committee on Scientific Classification of Coal. 
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3. There is a needless variety in the graphic methods used and 4 
frequent violation of the basic principles of graphic presentation. | 
By using multibasic coal charts, it is possible to bring order out of 
this chaos to a remarkable extent. 


Construction oF Muutipasic Coat CHARTS 


The simplest and most general form of the multibasic coal chart is 
shown by Fig. 1. It is seen to consist of two distinct but adjoining areas. 


GENERAL DIAGRAM SHOWING CONSTRUCTION OF CONDENSED 
FORM. 
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Fic. 1.—Muvtripasic coat cHART No. 12.. GENERAL DIAGRAM SHOWING CONSTRUCTION. 
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Fig. 2.—Muv.trtisasic COAL cHART No. 1. 


In the lower area, coals may be graphed according to their ultimate 
analyses, the scales ranging from 0 to 100 per cent. carbon and 0 to 10 
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- per cent. hydrogen (0 to 12 per cent. at left). In the upper area, calorific 


values and volatile matter or fixed carbon may be presented, the scales 
ranging from 0 to 17,000 B.t.u. and 0 to 100 per cent. volatile matter 


(or 100 to 0 per cent. fixed carbon). 


If it is desired to use fixed carbon and not volatile matter, the two 
areas may be fitted together as in Fig. 2 to conserve space and to bring 
the data in the two areas as close together as possible for conven- 
ient comparison. 

The lower area may be considered part of a triaxial diagram in which 
the 45° diagonals represent all constituents other than carbon and hydro- 
gen, which are necessary to make the analysis add up to 100 per cent. 
Such constituents may be oxygen, ash, sulfur or nitrogen, or any com- 
bination of these, depending upon the purity basis employed. (See Figs. 
1 and 2.) It is not considered necessary to go further into a detailed 
mathematical explanation of the chart. 


GRAPHIC Stupy oF Various Moisture AND Purity BaszEs 


The remarkable properties of the multibasic coal chart become evident 
as soon as analyses are graphed. On Fig. 3, an analysis of Illinois coal 
has been presented on nine different purity bases, according to both 
B.t.u. vs. fixed carbon and carbon vs. hydrogen. This coal was obtained 
from the No. 5 seam, Peoria County, Hanna City, Ill., and had the 
following analysis ‘‘as received’’: 


TABLE are Received Analysis of U. S. Bureau of Mines Sample No. 


22,986 
[Data from U. 8. Bureau of Mines Bulletin 123, page 35] 
Proximate Analysis Ultimate Analysis 

. Per Cent. Purr Crnrt, 
MGiniree pee emnee ce oe Lora L MCRD ODE Fe so a obs Whee v5.0.0 57.96 
Wolatilomatter, fo... .- tats <1 DEPaN aPLLVOLOROM ora es teats cea 5.65 
TAKOG CAT DOMES hoe kL ee te Sou Daee OxV Celine as oo aN ee Via 20.57 
TNE SE Se eae OP perme OR eae TIA TSRRINItro pen eet ees Weak er 1212 
Sulimmep pss sitcseens chan. arsésratatan 2.97 

180 cen oreo Oye Wide ee Oe ee cas eS Ee 10,422 

Air-drying loss, per cent......... 8.9 


On Fig. 3, the above ‘‘as received”’ analysis is shown by the two 
circles numbered 1, which are seen to be similarly placed in their respec- 
tive areas. If the analyses are calculated to the “‘air-dry” basis, both 
points move about the same direction and distance to 2. If calculated 


~ to the “dry (105° C.)” basis, they move still further to points 3. How- 


ever, if the original analysis had been calculated to the ‘“‘ash-free”’ basis, 
without eliminating moisture, the resulting figures would be represented 
by points 4. Similarly the pairs of points numbered 5, 6, 7, 8 and 9, 
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and hydrogen falls nearly under the point representing B.t.u. and fixed 


carbon for the same purity basis. 


It will also be seen that in the upper area of Fig. 3, all points appear - 


to fall on a straight line originating from the zero B.t.u., 


zero fixed-carbon 


As a matter of fact 


all points do lie exactly on this line with the 


) 


corner. 
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the special Parr corrections,! and deviates slightly, though not enough 

_ to be distinctly shown by the graph. The Parr corrections give a somc-_ 

what lower B.t.u. value than point 8, which represents the ordinary — 
_ “dry, ash and sulfur-free” basis. It is hardly necessary to point out the 

_ advantages which follow from recognizing the above straight-line relation- 
- ship, which to the writer’s erases has never been used before in coal 
- classification work.” 


In the lower area of Fig. 3, a similar though less simple relationship 


_ exists, which is made clear by the dotted lines. Point 1 represents the 


carbon and hydrogen content of the coal sample ‘‘as received.”” When 
the analysis is calculated to the “air-dry” and ‘dry (105° C.)” bases, it is 
represented by points 2 and 3 respectively, which lie on a straight line 
originating from the point on the left axis representing 100 per cent. H.O 
(11.19 per cent. hydrogen, 0 per cent. carbon and 88.81 per cent. oxygen). 

If, however, an analysis is calculated free of ash, sulfur or nitrogen, 


_ the point moves on a straight line directly away from the lower left-hand 
corner, which represents 100 per cent. of these constituents. Point 7, 


obtained by using the Parr corrections for ash and sulfur, is slightly off 
the line representing dry coal, but otherwise close to point 8, representing 
the ordinary ‘‘dry, ash and sulfur-free”’ basis. The deviation between 


_ these two values will depend upon the amounts of ash and sulfur present 


in a given coal sample. 


GRAPHIC STUDY AND CLASSIFICATION OF CoALs OF DIFFERENT RANKS 


The foregoing discussion has referred only to the analysis of a single 
coal when calculated to different moisture and purity bases. What 
relationships will be found when the analyses of many different kinds of 
coal are presented on the multibasic coal chart? The answer can be 
found from Figs. 4, 5, and 6. 

For the purpose of this example, 40 analyses of peat, German brown 
coal, lignite, subbituminous, bituminous, semibituminous coal, semi- 
anthracite and anthracite were assembled, the descriptions being given in 
Table 2. These analyses were selected practically at random, the 
method being to use the first analyses found which had total carbon (ash- 
free basis) approximating even numbers, which did not have excessive 
ash or sulfur contents, and which were not weathered samples. 

This method of selecting analyses explains the relatively even spacing 
of points in the lower area of Fig. 4. There are a few gaps below lignitic 
rank, for which analyses were not at hand. 


1S, W. Parr: The Classification of Coal. Univ. Ill. Eng. Expt. Sta. Bull. No. 


180 (1928). 
2 Described in the writer’s unpublished reports of March 28, 1929, and Nov. 22, 


1929, to the Technical Committee on Scientific Classification of Coal. 
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2: —Deseription e 40 Samples of Coal (Fi igs. 4, 5, 6) 


- — - 
Sect State County Mine Seam 
‘1 | 5994¢ | Peat ; Me. ‘Somerset _ | Pittsfield 
2 | 5983¢ =| Peat Me. Kennebec _| West Sidney 
3 | A89765! | Peat Wis. Manitowoc | Manitowoc | Hawk Island Bog 
4 | A39762/ | Peat Wis. Manitowoc Manitowoc Hawk Island Bog 
<3) A39759/ | Peat Wis. Manitowoc Manitowoc | Hawk Island Bog 
6 | 60274 Peat Fila. Duval Bayard 
7 | A89744/ | Peat Wis. Manitowoc Manitowoc Hawk Island Bog 
8 | A389763/ | Peat Wis. Manitowoc Manitowoc Hawk Island Bog 
- 9" |} 168552 Brown coal Germany | Rheinland 
10 | 11006¢ Lignite Mont. Valley Jones Jones 
11 | 10900¢ Lignite _| Mont. Valley Young Young 
12 | 29251¢ Lignite — ING D! Williams Pittsley 
13 | 12453¢ Lignite Ss. D. | Perkins Jones 
14 | 14729¢ Lignite N. D. Morton Jones Haynes (?) 
15 | 38125 Lignite - | Mont. Dawson Snyder 
16 | 29564¢ Subbituminous | Wash. Lewis Fords Prairie 
17 | 14754¢ Subbituminous | Wyo. Converse Inez 
18 | 10740¢ Subbituminous | Wyo. Converse Onyon 
19 | 90965 Subbituminous | Wash. Thurston Hanaford No. 1 
20 | 12601¢ Subbituminous | Colo. Jackson Riach Riach 
21 | 17247 Subbituminous | Wyo. Freemont Hickey 
22 { 17248 Subbituminous | Wyo. Freemont Mitchell 
23 | 11740¢ Subbituminous | Wyo. Uinta Kemmerer 
24 | 15237¢ Subbituminous | Wyo. Hot Springs | Big Horn Gebo 
25 | 14909¢ Bituminous Colo. Moffat Shafer 
26 | 29004¢ Subbituminous | Mont, Musselshell Roundup A Roundup 
27 | 31299¢ Bituminous Ind. Greene Gilmour No. 7 No, 4 
28 | 191634 Subbituminous | N. M. M’ Kinley Carreto Otero (?) 
29 | 30486¢ Bituminous Ill. Franklin Sesser No. 1 No. 6 
30 | 31050¢ Bituminous Il. Franklin Orient No. 6 
31 | 198444 Bituminous Utah Carbon Castlegate No.1 | D , 
32 | 15675¢ Bituminous Ohio Jefferson La Belle Lower Freeport 
33 | 247144 Bituminous Ky. Harlan Coxton Harlan 
34 | 216444 Bituminous Tenn. Anderson Klondike or No. 5| Coal Creek 
35 | 196414 Bituminous Ala. Jefferson Pratt No. 4 Pratt 
36 | 12370¢ Bituminous - Pa. Cambria Logan No. 5 Miller 
37 | 20599¢ Semibituminous | W. Va. McDowell No, 1 Pocahontas No. 4 
38 | 80697¢ Semianthracite | Va. Montgomery | Merrimac “Big Vein” 
39 | 11441¢ Anthracite Pat Luzerne Colliery No. 14 Pittston 
40 | 11782¢ Anthracite Pa. Luzerne Dorrance | Red Ash 


Source of analyses: * Bur. Mines Bull, No. 16; * Bur. Mines Bull. No. 22; ° Bur. Mines Bull. No. 
85; ¢ Bur. Mines Bull. No. 123; « Bur. Mines Bull. No. 193; / Bur. Mines analyses obtained through 
courtesy of Dr. R. Thiessen; 2 unpublished analysis, Koppers Research Corpn. 


The value of the multibasic coal chart is forcibly brought out when 
the location of the 40 analyses in the upper and lower areas of Fig. 4 is 
compared. Throughout the whole range of rank from peat to semibitu- 
minous coal, the points representing carbon and hydrogen for each coal 
(lower area) are approximately below the points in the upper area repre- 
senting B.t.u. and fixed-carbon of the same coals. A direct correlation 
in the placement of points does not hold for semianthracite and anthracite, 
owing to the fact that such coals decrease in B.t.u. (due to loss of hydrogen) 
as their carbon content increases. That is, in the upper area of Fig. 4 
points 38, 39 and 40 trend downwards and to the left towards pure carbon, 


sf 
aati while in the teed area Sasi 38, 39 an = I 
to the right towards the 100 per cent. carbon’ corner. “Ther 
or “‘hook”’ in the B.t.u. vs. fixed carbon curve for anthracites 
istic, and does not materially reduce the value of the chart. 
__The manner in which the multibasic coal chart ai be used 163 comp ps 


bell, Gruner, Parr and aero The various purity Eine used are v indi . 
cated on each chart. 
The upper area of Fig. 4 illustrates Ashley’s classification, “aia on 
ash-free coal containing as-mined moisture. The coals are divided only 
with respect to fixed carbon (7 per cent. intervals being used in most — 
cases), and the classes are seen to consist graphically of long parallel — 
strips without any use of B.t.u. values for cross classification. . 

Since none of the analyses presented in Figs. 5 and 6 contain moisture, t 4 
the left ends of the multibasic coal charts (below 45 per cent. carbon) 
have been omitted. The upper area of Fig. 5 shows the same 40 coals | a 
recalculated to the dry, ash-free basis. The extent to which the dry 
basis fails to place ash-free coals in the same order as the as-received © 
moisture basis, can be seen by comparing with Fig. 4. The four division 
lines and names at the right refer to the fuel ratios of 2.5, 5, 10 and 50 
which Campbell’ has proposed as part of a basis of classification, his 
criteria for coal of lower than bituminous rank not being shown. 

The lower area of Fig. 5 refers to the Gruner classification, which has 
been extensively used in continental Europe. The analyses have been 
calculated moisture, ash and sulfur-free. The six areas represent the 
six classes and names proposed by Gruner. The degree to which these 
classes overlap, or fail to include some coal analyses, is illustrated. Since 
the analyses are sulfur-free, they are all moved slightly to the right, with 
respect to the dry, ash-free analyses in the upper area of Fig. 5. The 
degree of this displacement varies with each coal, depending upon the 
original sulfur content. 

Fig. 6 compares the Parr classification with that of Seyler, which has 
recently been considerably used by British fuel investigators. Both of 
these systems, like that of Gruner, are based on dry, ash and sulfur-free 
coal, but Parr uses a special method of calculation designed to compensate 
for the loss of water of hydration of mineral impurities and change in 
weight of pyrites during the ash determination. 


Sean o Beds 
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*M. R. Campbell: Our Coal Supply—Its Quantity, Quality and Distribution. 
Proc. 1st. Internatl. Conf. Bituminous Coal, Pittsburgh, Pa. (1926). 

*C. A. Seyler: The Commercial Cl: petites of Coal. Proc. So. Wales Inst. 
Eng. (1900) 21, 483; also The Chemical Classification of Coal. Fuel in Science ¢& 
Practice (1924) 8, 15-26, 41-49, 79-83. 
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more subdivisions than most other seat ta The boxes outlined with the — 
thicker lines are considered by Seyler to represent the common or typical 


coals, while areas of higher and lower hydrogen content provide space for 


- less common kinds of coal. 


Ratios such as hydrogen:oxygen, carbon: hydrogen, and carbon: 
oxygen have also been proposed for coal classification, and can be shown 


: _ in asimple way in the lower area of the multibasic coal charts. A graphic 
_ study of these ratios has been made by Rose,® who pointed out certain 


of their limitations. In a similar way, the locus of the Goutal formula for 
calculating B.t.u. from proximate analysis can be shown in the 
upper area. 

The effect of oxidation and/or heat upon the analysis of coal has been 
shown by Rose and Sebastian*:”? on the multibasic coal chart. Many 
other relationships can be shown. Differences in original vegetal com- 
position may cause a vertical displacement*® of points from the narrow 
band representing typical coals of predominantly humic character. Thus 
algal and cannel coals are characteristically rich in hydrogen and low in 
fixed carbon. ; 

Since on the “‘dry, ash-free basis,’’ volatile matter + fixed carbon = 


100 per cent., a single point will represent both of these variables in the 


upper area. However, on the ‘“‘ash-free basis,” volatile matter + mois- 
ture + fixed carbon = 100 per cent. In this case volatile matter and 
fixed carbon must each be represented by a separate point, and the verti- 
cal distance between these points represent the moisture percentage. 
This provides a convenient means of representing the whole ash-free 
proximate analysis in the upper area. Studies of this sort have been 
made, and may be presented in a later paper. 


PRESENTATION OF PHysiIcaAL DATA 


We have now seen how it is possible, on a multibasic coal chart, to 
graph accurately carbon, hydrogen, oxygen, B.t.u., volatile matter, fixed 
carbon and moisture, and to show simultaneously the locus of various 
ratios and formulas. We have seen how it is possible to present analyt- 


5H. J. Rose: Selection of Coals for the Manufacture of Coke. Trans. A. I. M. E. 
(1926) 74, 600. Also available as private reprint, with statistics revised to 1928. 
6H. J. Rose and J. J. 8S. Sebastian: Changes in Properties of Coking Coals Due 


to Moderate Oxidation During Storage. See p. 569. 

7H. J. Rose and J. J. S. Sebastian: Coal Storage: Effect of Oxidation and Heat 
on the Analysis of Bituminous Coal. Presented before Gas and Fuel Div., Amer. 
Chem. Soc., Minneapolis Meeting, Sept., 1929. 

8D. White: Progressive Regional Carbonization of Coals. Trans. A. I. M. E 


(1925) 71, 276. 


ical data on any desired re eae 
of coal classification. Furthermore, it is evident that the tren 
from left to right shows the orderly progression in rank due tam. 
phism, while differences in original vegetal composition or the effects 
oxidation or heat are reflected by vertical or oblique eerie 
points from the narrow band of typical coal analyses. 
However useful the above combination of advantages, the ate “ta 
coal chart would still be of too limited scope unless it could be used to) 
express physical characteristics of the coals as well. This can pre 
be done in several different ways. ie or, ‘ 
For presenting qualitative data the common ae OE of using diftoer A, 
ent symbols or colors may be followed. For example, coking coals may 
be represented by circles, badly slacking coals by crosses, ete. When 
numerical values are available, those numbers may be written down M 
beside the points representing the chemical analysis. 1 ae 
In most cases however, it will be found desirable actually to er 
the results of physical tests. This is readily possible. In the case of 
multibasic coal chart No. 10, which is ready for distribution but is not 
illustrated in this paper, a third area with ordinary cross-section ruling _ 
is located below, but adjoining the chart. In this area it is possible to 
graph such numerical data as shatter test, accelerated slacking test, _ 
agglutinating value, softening temperature, specific gravity, moisture, © 
etc. Such values are placed below. the corresponding ultimate analysis | 
points, and permit instant visual cormparisgn with the data in the two / 
areas lying above. Ni 
However, it is not always necessary to use a third cross-section area 
to graph physical data. For example, multibasic coal chart No. 11 which 
is ready for distribution, and which is a much enlarged version of Fig. 1, 
contains 100 vertical (volatile matter or fixed carbon) divisions in the 
upper area, and 100 vertical (hydrogen) divisions in the lower area. Both 
areas are thus well adapted for graphing physical data, either in the pres- 
ence of points representing chemical analyses or in either area when the 
chemical analyses for that area. are not available or are not used. 


N&ED FOR STANDARD PRacticEn IN GRAPHIC PRESENTATION 


Graphic methods lose much of their value and may even become con- 
fusing unless certain conventional methods are followed. One of the 
most important rules in ordinary practice is that scales should increase 
upwards or to the right from the zero point, whenever possible. This 
conventional presentation is a part of the conscious or unconscious educa- 
tion of every technical man, and should never be violated without good 
reason, any more than words should be spelled backwards or upside down. 

The multibasic coal chart has been constructed in accordance with 
this principle, regardless of the orientation of previously published coal 
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‘2 ae F 
_ classification charts. That there is a need for uniformity is very evident. 


For example, the ordinary rectangular diagram has often been used in | 
coal classification work but each of the four corners has been appropriated 
by some investigator as the starting point of the coal series! Such con- 
ditions lead to needless confusion, and delay the general acceptance and 
understanding of coal classification methods. 
It will be noted from Fig. 1 that in the upper area of the multibasic ; 
coal chart, the volatile-matter scale increases upwards in the conventional 


way, and that consequently the fixed-carbon scale is reversed. These 


scales necessarily read in opposite directions, and the volatile-ma€ter 
scale was made to read upwards in order to secure the best possible 
correlation with ultimate analysis data. 

On the condensed form (Fig. 2) of the multibasic coal chart (which is 
used to save space in Figs. 3, 4, 5 and 6 accompanying this paper) only 
the reversed fixed-carbon scale is shown. However, for many purposes, 
coal technologists will wish to use the complete multibasic coal chart 
(Fig. 1) on which volatile matter on any purity basis can be shown, and for 
which the scale reads in the normal direction. 


SIMPLICITY OF CONSTRUCTION oF MuLTIBASIC CoAL CHARTS 


The inclination of B.t.u. lines, relative position of upper and lower 
areas and the proportions of the various scales of the multibasic coal 
chart, were determined empirically after studying hundreds of coal anal- 
ses, calculated to various purity bases. Fortunately, it has been possible 
to represent the complex relationships by a relatively simple construction. 

For example the vertical distance representing 1 per cent. hydrogen is 
exactly equal to the distance representing 10 per cent. volatile matter or 
fixed carbon in the upper area, while the distance representing 1 per cent. 
carbon is exactly equal to a horizontal distance of 200 B.t.u. The B.t.u. 
lines have an inclination of 2:3 and from Figs. 1 and 2 it is evident that 
the B.t.u. value at any point on the top of the chart (0 per cent. fixed 
carbon line) is exactly 200 times the percentage of carbon directly beneath 
it in the lower area. 

As a result of these simple relationships, it is possible to construct 
a multibasic coal chart (or any desired portion of the chart) quickly and 
easily on any piece of ordinary cross-section paper. All that is necessary 
is to draw in the sloping B.t.u. lines anc-to number the various scales 
according to the proportions just described, using Fig. 1 or Fig. 2 as an 
example. 


CoMPARISON WITH OTHER GRAPHIC SYSTEMS 


The general relations existing between ultimate analysis, proximate 
analysis and B.t.u. have not only been made use of in the Dulong and the 
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fair degree of eae oN eile: series an nek 
or parallel. From his discussion and graphs, it appears: a uapalat me 
analysis determines volatile matter within about + 5 per cent. and calor: 
value within + 250 to + 1000 B.t.u. (depending upon the rank of x 
The writer has independently found a similar range of variation. 
Ralston diagram is a most important generalization, but it cannot be 
successfully used for graphing B.t.u. and volatile matter (or fixed carbon) Ba 
values, since the degree of correlation is not sufficiently good for this — 
purpose. wt 

To get around this limitation the multibasic coal chart was developed, _ 
having two adjoining areas on which B.t.u. and proximate analysis data 
as well as ultimate analyses could be graphed with equal precision, the __ 
degree of correlation being shown by the relative position of the pointsin 
the respective areas. The upper area is equivalent to that used by Parr,! 
Thom,” and Stansfield and Sutherland,!* but the rectangular field used — 
by these investigators has been converted into the less usual rhomb, to 
inprove correlation with the lower, or ultimate analysis area. 

When it is not desired to obtain graphic correlation with ultimate 
analysis, the upper area may be converted to the ordinary rectangular 
field (B.t.u. lines vertical instead of slanting) and used alone without 
losing some of the advantages that have been described. 


AVAILABILITY OF CHARTS "9 


In order to facilitate the work of the Coal Classification Committees, 
several forms of blank multibasic coal charts have been prepared and are 
ready for distribution. These charts consist of close-ruled, blue-line 
prints, on good quality white paper, and are folded to 814 by 11 in. 
(letter size). . 


°0. C. Ralston: Graphic Study of Ultimate Analyses of Coals. U.S. Bur. Mines 
Tech. Paper 93 (1915). 

1 ©, A. Seyler: The Classification of Coal. Trans. A. I. M. E. (1928) 76, 189. 

“8. W. Parr: The Classification of Coal. Univ. Ill. Eng. Expt. Sta. Bull. 180 
(1928). = 

8S. W. Parr: The Classification of Coal. Jnl. Ind. & Eng. Chem. (1922) 14, 919. 

 W. T. Thom: Moisture as a Component of the Volatile Matter of Coal. Praga 

ATs Mi He (19250718282: 


18. Stansfield and J. W. Sutherland: The Classification of Canadian Coals. 
Can. Min. & Met. Bull. (1929.) 


a Sede test data. The nature of the individual charts is described — 
below. Charts 10 and 11 are the most general, and are particularly 
-. easy to use and understand. The other charts consist of a portion of the 
__ multibasic coal chart on a larger scale (No. 6) or charts in which the 

_ vertical scale has been exaggerated two to five times (Nos. 8 and 9) to 
permit a wider spacing of points, or charts in which the user selects and 
__writes in his own scales (Nos. 7 and 9). 


Buank Muttrasic Coat CHARTS 


_Available for limited distribution: 

No. 6. Lignite to anthracite (10 divisions per inch) 1 in. = 1 per cent. 
C, 1 per cent. H, 10 per cent. fixed carbon and 200 B.t.u. This chart 
consists of the area in Fig. 2 lying between 32 per cent. and 94 per cent. 
carbon, and 2.5 per cent. hydrogen to 25 per cent. fixed carbon. 

No. 7. Dual-purpose work sheet (10 divisions per centimeter) for 
studying B.t.u. and proximate analysis, ultimate analysis, or physical 
data on any scale selected by user. For example, 1 per cent. carbon = 1, 
2,5 or 10 cm., as desired. This chart is ruled with B.t.u. lines having the 
normal slope of 2:3. 

No. 8. Chart similar to Fig. 2, but with vertical scales expanded two 
times (10 divisions per centimeter). 1cm. = 1 per cent. C, 0.5 oe cent. 
H, 5 per cent. fixed carbon and 200 B.t.u. 

No. 9. Dual-purpose work sheet similar to Chart No. 7 except that 
the vertical scale has been expanded five times. This chart is ruled with 
B.t.u. lines having a slope of 10:3. / 

No. 10. Chart similar to Fig. 2, but with additional ruled space for 
graphing physical data, etc., below ultimate analysis area (10 divisions 
per half-inch). 14 in. = 1 per cent. C, 1 per cent. H, 10 per cent. fixed 
carbon and 200 B.t.u. 

No. 11. Complete chart similar to Fig. 1 (10 divisions per half-inch). 
1g in. = 1 per cent. C, 1 per cent. H, 10 per cent. fixed carbon or volatile 
matter and 200 B.t.u. 

These charts should be sufficient for almost any need that will arise. 
The advantages of this form of graphic presentation-are so numerous that 
it is hoped that fuel technologists will become familiar with multibasic 
coal charts and use them extensively. 
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baa were discussed ‘ints: o@6a1 Ciaheatian, 
H. Ashley; ‘Outline of a Suggested Classification of Coa 
of Coal Classification in Canada,” by R. E. Gilmore, and “ 
Chart,”’ by H. J. Rose. The oral discussion follows.] _ 


Oe 
the Sa anon of coal is largely fortuitous rather ican ins nec es mite: a natural la 
why not recognize this fact and instead of attempting to base classification on t th 
composition of coal, go to the user, find out his needs and classify our coals acco 
Such a plan would reduce the classification into a few groups, such as domestic, ste 
smithing, gas coals, etc. These features are basic to the public which cares little 
about the composition of a coal. Indeed, we are now reaching a point where we are 
able to transform our raw material into the product desired; e. g., a synthetic anthras cs 
cite coal can be made which will compete with natural anthracite. : Die « 

It seems characteristic of the coal industry that it fails to consider the FR: of 
the consumer, an attitude once held by the cement industry in making natural cement _ 
but which it long since abandoned and now prepares its products to meet such speci- 
fications as are laid down for its products by the consumer. And so itis with pigments — ? 
and many other industrial and mineral products. 

If the operators of one region can produce an ideal fuel of a given type without 
processing, let them do so, but let operators of other regions adapt their processes to 
the production of a fuel to meet the consumer’s needs and let him pay accordingly. 


Dr. ASHLEY responded that three committees are now at work on coal classifica- 
tion; one to prepare a use classification, one a marketing classification and the third a 
scientific classification based, presumably, on the composition. One objection to a 
strictly use classification is that the limits of usage are variable and poorly defined, 
both as to time and place. For example, Indiana coals which 20 years ago were 
regarded as noncoking are now being coked, and coke-oven operators in Colorado are ~ 
coking coals which would not be considered for that purpose in the East. Further- 
more, household coal includes all kinds, from lignite to anthracite. ; 

On the other hand, the composition is fairly definite and consistent within reason- 
able limits, e. g., the B.t.u. value increases with the fixed carbon as a rule. 

It is gratifying to note that the differences between the classifications presented 
by the different authors are really not serious and are such as can be eradicated by 
further study and cooperation. 
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F. R. Wapiercu, New York, N. Y., stated that with respect to the industry’s 
attitude in endeavoring to meet the consumer’s needs, it has already adopted or pro- 
posed 170 different use classifications. 


Dr. Wuits expressed doubt as to the permanency of use classifications in view of 
the constantly changing uses, whereas a scientific classification would afford a perma- 
nent basis for the comparison of coals as found in nature, irrespective of any processes 
of treatment to which they are subjected or uses to which they are put. He con- 
gratulated Mr. Rose on the development of his methods of plotting coal analyses, 
predicting that they will become widely adopted because they are simple, graphic and 
favorable for the ready comparison of analyses. However, he thought it better to _ 
plot peat and lignite on a total-carbon rather than on a Gxediatbuh basis as this 
would bring them into better alignment with other coals. He urged that no considera- 
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tions of possible political or legislative actions or requirements should be allowed to 
enter into the formulation of a scientific classification to impair its permanency as well 
as freedom from bias. 


M. R. CampsE.t, Washington, D. C., stated in reply to Mr. Reger that there is a 


_ growing need for an accurate and widely recognized classification to which both buyer 


and seller can refer in case of doubt. Better business bureaus and like agencies 
interested in the promotion of sound trade practices now have no sure basis on which 
to take a stand in these matters and are continually asking for some such needed and 
dependable classification. 

Forty years ago coal was either soft or hard, but the public is now far more dis- 
criminating and needs accurate guidance in specifying its wants. 


H. L. Oxtn, Iowa City, Iowa, stated that in his opinion slacking properties should 
also be considered in such a classification as they have a profound effect on the value 
of a coal. Some Iowa coals which are high in moisture have slacking coefficients up 
to 80 per cent, while others are as low as 15 or 20 per cent. ; 


Changes in Properties of Coking Coals Due to Moderate 
Oxidation during Storage 


By H. J. Rosz* anp J. J. S. Sepasttan,{ Prrrspureu, Pa. 


(New York Meeting, February, 1930) 


WHEN coal is stored under ordinary conditions, progressive changes 
take place in its chemical and physical properties. These changes are 
largely caused by the reaction of atmospheric oxygen with the coal sub- 
stance. Although this “oxidation” or “weathering” occurs slowly in the 
ease of high-rank coals, it is nevertheless a matter of considerable impor- 
tance, since even a small amount of oxidation may affect the value of coal 
for carbonization purposes. 

Coal storage is a necessity at all carbonizing plants. In normal 
times there are about 5,000,000 tons in storage at by-product coke ovens 
and gas retorts in the United States, as compared with an annual through- 
put of about 75,000,000 tons. In other words, the average coal reserve 
at such plants is slightly less than one month’s supply. However, owing 
to the cost of storage and recovery, coal is usually left in stockpile for as 
long a time as the management thinks advisable. Storage for six to 
eight months is common practice and is, in fact, a necessity at certain 
plants which obtain their coal by water routes that are closed during 
winter months. 

Modern by-product coke ovens operate continuously, and they are 
not cooled down from the time that they are put into operation until they 
are shut down for rebuilding—perhaps 20 years later. This continuous 
operation is imposed by silica-brick construction and high operating 
temperatures. It is therefore obvious that coke plants must at all times 
maintain an adequate supply of stored coal, in order to prevent a failure 
in supply from any cause whatever. Thus when strikes or other emer- 
gencies threaten, abnormally large coal stocks are accumulated and held 
at coke and gas plants. 

Many of these plants have been forced, at some time or other, 
to use coal that has been stored for several years. Such coal may fail to 
coke at all, or it may produce a dirty appearing, weak coke of reduced 
value. The yields of salable by-products may also be distinctly lowered. 
However, it must not be assumed that slight oxidation or heat effects are 
alwaysinjurious. Certain high-volatile coals produce a stronger, blockier 
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e = coke after they have been slightly weathered. It is thus apparent that | 


coking coals vary not only in their ability to withstand oxidation, but also 


if inthe effect which moderate oxidation produces. 


For these reasons it is apparent that reliable information is needed at 
by-product coke plants regarding the behavior of different coals when 
stored. Practical experience is perhaps the best teacher, but many 
puzzling situations will be encountered in practice. This is because such 
factors as the method of storage, size and location of stockpiles, segrega- 
tion of sizes, moisture content of coal, etc., have a combined effect which 


_ often outweighs inherent differences in the coal itself. In fact, small 


differences in the above factors may have such a great effect that a coal 


_ which is stored successfully at one plant sometimes gives considerable 


trouble at a neighboring plant where storage conditions appear to be only 
slightly different. 

While these variables greatly complicate the situation, the fact remains 
that it is desirable, nevertheless, to have reliable information on the 
inherent differences in the behavior of various coals when oxidized. 

Characteristic differences of this sort can best be studied by laboratory 
tests. Such information would have practical value, because in the 
United States many coke plants have a wide choice of coals and they 
attempt to select those coals which, all things considered, best fit their 
needs. In some cases, a knowledge of the stocking properties of a coal 
is just as important as a knowledge of its ash or sulfur content. 

The need exists also for a method whereby a works chemist can test 

stored coal and determine the degree of weathering with certainty, even 
when the total change in composition is small. 
- In another paper! we have discussed and graphically presented the 
changes which occur when different types of bituminous coal are subjected 
to various conditions of oxidation and heat. Under fairly severe con- 
ditions, the proximate analysis, ultimate analysis and calorific value of 
coal are considerably altered, and the nature and degree of changes in 
analysis give an indication of the conditions to which the coal has 
been subjected. 

However, it has been generally believed that changes may take place 
in coal which affect its value for carbonization purposes, and yet do 
not cause a sufficient change in composition to be evaluated, or even 
detected with certainty, by ordinary methods of analysis. The object 
of the present paper is to examine the value of ordinary coal analyses for 
this purpose, and to report some preliminary results of an investigation 
designed to establish a more sensitive laboratory method for measuring 
the effects of moderate oxidation. 


1H. J. Rose and J. J. S. Sebastian: Coal Storage: Effect of Oxidation and Heat on 
the Analysis of Bituminous Coal. Presented before Gas and Fuel Division, Amer. 
Chem. Soc., Minneapolis Meeting, September, 1929. 
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ad continually varying and ous hia con ditiin of ising 
oxygen supply, and it is difficult to use the analytical, result 
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temperatures, an irae a has often been made to pacer arie ina ri hours. 
or days conditions which require months to develop in ordinary storage. — 
Furthermore, such tests have often been made in pure dry oxygen rather — <t 
than in air. It is not always a simple matter to prove whether or not 
highly accelerated tests give the facts that are desired for practical use. a. 


NaTurRE oF Coal OxipaTION REACTIONS 


The following principles should be clearly understood before any 
attempt is made to study the analyses of oxidized coal. As a result of 
numerous published investigations, it is now fairly well established that, 
within the temperature range under consideration, the oxidation process 
may be considered as occurring in two stages. 

In the first stage, coal absorbs oxygen, presumably forming an 
unstable, solid, coal-oxygen complex. During this absorption process, 
the sample gains in weight, and a part (perhaps one-third),? of the total 
oxidation heat is evolved at this time. Since this reaction is not accom- 
panied by a significant evolution of gases, the principal change in the 
percentage composition of the oxidized coal is due simply to its ‘‘dilution”’ . 
with oxygen. ~ 

The second stage of the reaction is characterized by the breakdown of 
the coal-oxygen complex and the evolution of carbon dioxide, water and 
some carbon monoxide, together with the remainder (7. e., two-thirds) — 
of the total heat of oxidation. Owing to these changes and the decided 
loss in weight, the percentage composition of the coal is again altered, 
but in a different direction. Since the first and second stages of the 
oxidation reaction thus have an opposite effect on the percentage 
composition, they produce some curious and, at first sight, anomalous 


changes in analysis. We have discussed and explained these changes in 
more detail in another paper.* 


_ ? J.D. Davis and J. F. Byrne: Spontaneous Combustion of Coal. Characteristics 
Shown by an Adiabatic Calorimeter. Ind. & Eng. Chem. Soe 17, 125. 
°H. J. Rose and J. J. 8. Sebastian: Op. cit. 4 
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It will be realized, of course, that the above two reactions usually pro- 


ame simultaneously. At low temperatures the oxidation rate is slow 


and the absorption reaction predominates, although gaseous products are 
slowly evolved. As the temperature rises, the oxidation rate increases 
rapidly and both oxygen-absorption and gas-evolution reactions become 


active. The rate of gas evolution accelerates at about 80° C. and becomes 


rapid above 100° C.‘%.5.7 This decomposition reaction continues to 
accelerate with rising temperature until a condition of dynamic equi- 
librium is reached, when the weight of oxygen liberated in gaseous pro- 
ducts per unit time is equal to the weight of oxygen which reacts with 
the coal in the same time. 

From the above discussion it is clear that when coals are oxidized 
for the purpose of studying analysis changes it is important to conduct 
the oxidations under conditions which will give the desired balance 
between oxygen absorption and breakdown of the coal-oxygen complex. 
If one temperature only is to be selected for laboratory experiments, what 
should that temperature be? 

In actual practice, stockpile temperatures vary from subzero con- 
ditions at the surface of a pile in winter to the high temperatures that 
are encountered in the interior of a pile that is about-to catch fire. How- 
ever, some plants consider 70° to 80° C. as the upper limit for safety in 
practical coal storage. That is, when temperatures reach or exceed 80° C. 
(176° F.), the coal is moved promptly before it rapidly rises to the ignition 
point. Other plants move stored coal before it heats to this temperature. 

After a consideration of various theoretical and practical aspects, 
a temperature of 80° C. was selected for our work, and the results indicate 
that this was a satisfactory temperature for our purpose. 


EXPERIMENTAL METHOD 


In developing an apparatus for the slow oxidation of coal under 
controlled conditions, such factors as size of coal particles, temperature, 
oxygen concentration and duration of test are all of obvious importance. 
We desired a test method which would control these conditions and 
enable us to destroy the coking properties of a good coking coal not 
after a few hours or days, but after weeks or months of continuous 
oxidation, as is the case when coal is stored. 


4 J. D. Davis and J. F. Byrne: Op. cit. 
5W. A. Bone: Coal and Its Scientific Uses, 158. London, 1918. Longmans, 


Green & Co. 
6S. W. Parr and R. T. Milner: The Oxidation of Coal at Storage Temperatures. 


Ind. & Eng. Chem. (1925) 17, 115. 
7H. C. Porter and O. C. Ralston: A Study of the Oxidation of Coal. U. 8. Bur. 


Mines Tech. Paper 65. 
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Freshly mined samples of ARR 
mesh screen and 50-gram portions were a 7 
which were then weighed and immersed in a. constant-ten perati 
maintained at 80° C. (176° F.). Moist air, preheated to | 
continuously passed through the coal at the rate of 1 liter (0. 035 « 
per hour. This rate did not cause an ABEtan ee rise in n temper 


same af in coca air. Six or more tubes of sae ae were su bjected 
to oxidation simultaneously. At appropriate intervals the U-tubes » wel ou 
successively withdrawn, and their contents tested, & nies 


these conditions, their ohne piipachies were iy sat Cae inte 
entirely destroyed, after one to two months of continuous oxidation. r 
other words, the time factor in this laboratory test approached the 
encountered in practice. 


‘Coazs TESTED 


Three distinetly different types of coking coal were selected for this _ 
investigation. These coals were a 17 per cent. volatile-matter coalfrom 
Pocahontas No. 3 seam and a 32 per cent. volatile-matter coal from es 
Powellton seam, West Virginia, and a 37 per cent. volatile-matter coal . 
from Elkhorn No. 3 seam, eastern Kentucky. a 

These coals have a well established reputation and are used for 
by-product coking throughout the entire northeastern quarter of the 
United States, where more than 80 per cent. of the coke is produced. 

Pocahontas Coal.—Pocahontas coal is a strongly coking coal which is 
never coked alone in by-product ovens, on account of its expanding prop- 
erties. Instead it is mixed with high-volatile coals in various proportions 
up to 60 per cent. (but usually 10 to 30 per cent.) to increase the size and 
strength of the coke. Coal-carbonizing plants usually purchase slack _ 
sizes (screenings) of Pocahontas coal, because the fines from West Virginia : 
low-volatile coals usually contain less ash and are cheaper than the larger — 
sizes. Under some conditions of storage, low-volatile slack coal heats 
rather easily and stockpile fires have often been encountered. This is in 
spite of the fact that such coals have a higher ignition temperature and — 
are inherently less reactive with oxygen than most high-volatile coking 
coals. This is a case where differences in practical storage conditions 
outweigh the inherent differences between the coals. For while American 
coke plants usually use slack sizes of low-volatile coking coals, they obtain 
their high-volatile coal supply in run-of-mine or larger sizes. This fact 
helps to explain why inherently less active low-volatile coal may require 
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* more attention in storage than many high-volatile coals. It is usually 


difficult to correlate closely laboratory oxidation results on dry powdered 
coal with practical coal-storage experience, because of the complexity of 
conditions which exist in a large stockpile and the lack of accurate infor- 
mation regarding these conditions. 

Powellton Coal.—The area in West Virginia which is underlain by the 
Powellton seam is small, yet this coal has been produced in rather large 
quantities for many years, and it is in demand at many by-product gas 
and coke plants. It is coked sucessfully both alone and in mixture with 
other coals. Powellton seam coal is rather friable and the run-of-mine 
size contains few large lumps. However, it enjoys an excellent reputation 
for its ability to stand storage without deterioration of coking properties 
and it has shown little tendency to heat in storage. 

Elkhorn Coal.—Elkhorn coal has long been used as a gas coal, and for 
making metallurgical coke when mixed with low-volatile coals. It is a 
strong and blocky coal, and the run-of-mine product has a large propor- 
tion of biglumps. Elkhorn coal contains more oxygen than the two types 
mentioned above and it loses its coking properties more rapidly when 
oxidized under exactly the same conditions. However, owing to the 
preponderance of large lumps in the run-of-mine product, Elkhorn coal 
does not give the trouble in storage that might be anticipated from 
laboratory tests. 


Analysis of Coals As Received 


Following are the analyses of the three coals as received. (For 
analyses on the dry, ash-free basis, see Tables 3, 5 and 7.) 


TaBLE 1.—Analyses of Freshly Mined Coal, As-received Basis 


(Corll EGin sie obec eaeeeaenete | Pocahontas No. 3 | Powellton | Elkhorn No. 3 
(CLETUS Sr cece a Beas EOE ee | McDowell Fayette | Eastern Kentucky 
State... eer iene tae W. Vis W. Va. | Kentucky 
Deseription é ae 3D tS Slack Run-of-mine | Run-of-mine 


Proximate Analysis (Per Cent.) 


MOIS ine memento AYos oon eied oy endian Peis wee 0.6 | 0.9 1.4 
Vicoheetee Coster et LOT srg sea ea rendyasatsveten ¢ a vavensie aia aYsia LOR 32.0 37.0 
TPipe@iel (ORF Yom e cha 4 o QiRerOly ar ae Ree cM Ree eae ae Goninon Osa 7, 58.8 
ENS|Nasy 6 by pened gb dott OeROR eee eee TOA 5.4 | 2.8 
a Ultimate Analysis (Per Cent.) ; = 

(CayB omnes 5 5 grote one oe ae ec aCe: 85.5 82.6 81.8 
Hydrogen 4.0 4.9 5.4 
Osa Cer erat antes wnt AURS ern Duane and Rie at 1.8 4.8 rte 
AU ie eee sere! Snel ae ABRs «ef 2 6 1.6 
Sulfur... vss eee et te BO: neh ee OF es One 0.6 
B.t.u. “per Ib. (gross)..... aut _ 14,500 | 14,450 14,310 
Agelutinating value by iearaik Bird test, ai 16,320 7,200 5,100 
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Tests oN FRESH AND OXIDIZED COALS 


Every systematic investigation relating to the composition and 
properties of coal should include rather complete analysis data, otherwise 
its value is much reduced. Too many published papers are deficient in 
this respect. 

In the present investigation, each sample was submitted to the 
following tests: (1) Proximate analysis, (2) ultimate analysis, (3) calorific 
value (gross B.t.u. per lb.), (4) agglutinating value (Marshall-Bird test), 
(5) change in weight caused by oxidation, (6) color of alkaline extract of 
the fresh coals and certain oxidized samples. 

In determining the proximate and ultimate analyses and calorific 
value, the methods of the American Society for Testing Materials (Stand- 
ards, 1927) were followed. The Parr oxygen-bomb calorimeter was used. 
Each figure in the proximate and ultimate analyses represents the average 
of two or more duplicate determinations. 

Agglutinating values were made according to a slight modification 
of the Marshall-Bird®’ test. This test measures the crushing strength in 
grams, of carbonized buttons made from 25 g. of a mixture of 1 part 100- 
mesh coal with 10 parts of 40 to 50-mesh rounded-grain silica sand. Each 
value in the present paper represents the average crushing strength of 10 
buttons. Marshall and Bird recommended that the coal samples used 
in this test first be dried at 105° C. for 1 hr., and then exposed to a 40 per 
cent. humidity atmosphere at 70° F. for 24 hr. Since we did not wish 
to expose our samples to oxidation at 105° C. for even 1 hr., the agglu- 
tinating tests were made either on the undried freshly mined samples or 
on the oxidized samples as removed from the oxidation train. With 
one exception the samples contained less than 0.9 per cent. moisture 
as tested. 

The method described by Seymour’ was used in examining the color of 
the alkaline extract. Five-gram portions of coal were boiled with 1: 10 
hydrochloric acid and filtered and washed with hot water on an asbestos 
filter. The coal residue was then extracted with boiling N/1 sodium 
hydroxide, about six washings being used to remove all of the color. 
The filtrate was slightly diluted to make 50 ml. and compared in Nessler 
tubes with standard colors prepared from solutions of inorganic salts or 
from strongly oxidized coals. The reference standard was an alkaline 
extract from Powellton coal which had been oxidized at 105° C. for a week 
until a coherent coke button was no longer formed in the volatile-matter 
determination. This extract was arbitrarily assigned a color intensity of 
1000. It had a dark orange-brown color. 


*S. M. Marshall and B. M. Bird: Test for Measuring the Agglutinating Power of 
Coals. See page 340. 


*W. Seymour: Deterioration of Coking Property of Coal. Blast Furnace & 
Steel Plant (1921) 9, 435. 
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ANALYTICAL REsuutTs 


Tables 2 to 7 inclusive contain the analytical data that were obtained. 
Tables 2, 4 and 6 refer respectively to Pocahontas, Powellton and Elkhorn 
coal analyses reported on the “‘as tested” basis. Tables 3, 5 and 7 contain 
the same data, recalculated to the dry, ash-free basis. 

The data on this latter basis are graphically presented by Figs. 
1, 2 and 3, referring respectively to Pocahontas, Powellton and Elkhorn 
coal. Each of these charts presents a complete view of the simultaneous 
changes which occurred during oxidation. The volatile matter, carbon, 
hydrogen and oxygen results are the percentages (calculated to dry, 
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DAYS OXIDATION AT 80° C 


Fig. 1.—EFrrect oF OXIDATION AT 80° C. ON POCAHONTAS NO. 3 COAL. 
All data except agglutinating values are calculated to dry, ash-free basis. 


ash-free basis) as obtained by analysis. For convenience in comparison 
the change in weight, B.t.u. and agglutinating value results have also been 
calculated to a percentage basis on the assumption that each of these 
characteristics had a value of 100 per cent. in the fresh coal. 

Since there is no satisfactory method for converting agglutinating 
values to the dry, ash-free basis, those results are shown on the ‘‘as tested”’ 
basis. The agglutinating values are read from the right-hand vertical 
scales in Figs. 1, 2 and 3. Owing to the great changes in this physical 
property which occur when coal is oxidized, the scale of agglutinating 
value has been compressed 10 times with respect to all other scales. This 
was considered necessary for the sake of convenient presentation. 
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Fic, 3.—EFFECT OF OXIDATION AT 80° C. on ELKHORN NO. 3 COAL. 
All data except agglutinating values are calculated to dry, ash-free basis. 
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TaBLE 2.—Pocahontas No. 3 Seam, McDowell County, West Virginia 


Analyses are Shown on the ‘‘As Tested” Basis and Refer to Raw Coal, or Samples 


as Removed from Oxidation Apparatus 


Days of Oxidation at 80° C. 


Constituents or Properties Fresh 
Determined Coal 
3 76 14 21 28 42 56 
Proximate Analysis (Per Cent.) 
INEST Cr peace Rene eee aes 0.6 0.2 0.2 0.2 0.2 0.2 0.2 (1! 
Wolatile~matter.y. 2.4... cur ce 16.7 17.0 16.7 17.0 17.0 17.0 17.0 17.6 
UK GC CAND OM. 5 oic¥e cng «isharx clones ove Cont 76.0 76.2 76.1 75.9 76.1 76.0 75.5 
INES ee Bene gy ee TO Va 6.8 6.9 6.7 6.9 6.7 6.8 6.8 
Ultimate Analysis (Per Cent.) 
Carboni sade are an shee 85.5 85.0 84.7 84.5 84.2 84.4 84.0 84.1 
ELT OSOD es sonra eee Sake 4.0 4.3 4.1 4.1 4.1 4.3 4.2 4.2 
Oxy Peni te as caste cites eos 1.8 2,1 2.6 2.9 3.1 Dee 3.2 Sok 
Nitro sen <a oo5 eee ra scapeeereys. 2s 1,2 1.2* 1.2% ie 2 12* 1,3* iets 1.3 
Sulfur cee cciey: sete es whee 0.5 0.6 0.5 0.6 0.5 0.6 0.5 0.5 
store (gross) per Uy ccc < smie.eue 14,500 | 14,620 14,520} 14,5380 | 14,440) 14,420} 14,450] 14,400 
Weight per 100 g. original sample| 100 99.32 99.70 99.66 | 99.87 | 99.70 | 99.74 | 99.99 
Agglutinating value (Marshall- 
__ Bird test) . = : 16,320 16,310 | 16,010 12,160 8,230 5,820 1,690 Nil 
Color i intensity ‘of alkaline extract] 4.3 5.2 6.3 


* Estimated. The percentage of nitrogen was determined only in the fresh coal and in the sample 


oxidized for the longest time. 


TaBLe 3.—Pocahontas No. 3 Seam, McDowell County, West Virginia 
Analyses Calculated to the Dry, Ash-free Basis 


Days of Oxidation at 80° C. 
Constituents or Properties Fresh - m *: 
Determined Coal 
3 7g 14 21 28 42 56 
Proximate Analysis (Per Cent.) 
f - ie 
Volatile matter......... ec | 18<1 | 18.3 18.0 18.2 18.3 18.3 18.3 18.9 
Fixed carbon... 70s... STROM, an S2s OMe SleS euleSinzy | SleZeu este rauale Sil 
Ultimate Analysis (Per Cent.) 
Carbone cet ome en acer ate 92.4 | 91.4 | 91.3 | 90.9 | 90.7 | 90.7 | 90.2 | 90.3 
(BINGO PLO Lert Oe. -.crid. 1. qoro Ole ae 4.3 | 40, || “48 4.4 4.4 4.6 4.5 4.5 
(OSue{ SNS peng hob RROD OC DOR EDRGDi oat wa 1.4 PAG) 2.5 2.8 3.0 2.7 3.3 ane 
INSET OR Ollie cece a sions ia scnuct onshewcnee ts Stina Mo aR he: 1.3* 1.3* 1.4% Ax 1.4 
GirilSvides eet pcaae Seine: cee eee 0.6 Cee O.6e ye G.e N08 (0.6 0-8 | 0.65 
Btu. (erosa)-per [b..is.0. 05+ +. 15,690 | 15,710 | 15,640] 15,620] 15,550] 15,500| 15,530| 15,460 
Weight per 100 g. of dry, ash-free | | | | 
OLIPINAl AMPS .\.1yee ces o eles ee 100.00) 99.97 | 100.15) 100.29} 100.32) 100.37| 100.39) 100.69 


ee EEE 
* Estimated. The percentage of nitrogen was determined only in the fresh coal and in the sample 


oxidized for the longest time. 


566 


CHANGES IN PROPERTIES OF COKING COALS 


TaBLE 4.—Powellton Seam, Fayette County, West Virginia 


Analyses are Shown on the ‘‘As Tested” Basis and Refer to Raw Coal or Samples 
as Removed from Oxidation Apparatus 


Days of Oxidation at 80° C. 
Constituents or Propertses ie 
Determine oa 
4 9 1314 | 22%, | 3134 | 4934 | 6734 
Proximate Analysis (Per Cent.) 
IMPOIStUTE Hei iaccie cates oh olcene eae uate 0.9 One 0.5 0.3 0.5 0.3 | O73 0.5 
Volatile matter................ 32.0 oper é 3L20) 30.6 30.5 30.6 30.6 30.4 
Fixed carbomieycn cmos eee vk (oy yA 62.9 63.2 63.8 63.7 63.8 63.9 63.9 
ASE cdaw tena trots cle aetteeoacbeactonnten eat 5.4 5.3 5.3 5.3 5.3 5.3 5.2 5.2 
Ultimate Analysis (Per Cent.) 

Clap DOI Soe wetalata aia tene Iker Netter: 82.6 82.3 81.9 82.3 80.9 81.1 80.3 80.4 
MV GT OLEMI rece wicrh a oes cuenta abet de 4.9 5.0 4.9 5.0 4.8 4.8 5.0 4.9 
Osyretet ku + suey dee 4.8 5.1 5.6 5.1 67 6.5 (ee ffss: 
INICROROMGT Oe csis Sy peleinna © amie LG 1.6* gr ts 1.6* 1.6* 1,6* re 1.5 
SWuUbtiiee gu oac oMoRpmvacd Gaeo soue Oz OYA 0.7 0.7 Ong 0.7 0.8 0.7 
B.t.u. (gross) per lb............ 14,450 | 14,510 | 14,870} 14,400) 14,230 14,190 | 14,110) 14,020 
Weight per 100 g. original sample| 100 99.40 |100.06 | 99.77 |100.36 |100.43 |100.80 |100.83 
Agglutinating value (Marshall- 

Bird testy ney Meh sis iene chee 7,200} 7,520) 8,510 9,700} 9,390 6,850 5,910 2,430 
Color intensity of alkaline extract] 26.4 45.5 55.6 


* Estimated. The percentage of nitrogen was determined only in the fresh coal and in the sample 


oxidized for the longest time. 


TABLE 5.—Powellton Seam, Fayette County, West Virginia 


Analyses Calculated to the Dry, Ash-free Basis 


Days of Oxidation at 80° C. 


Constituents or Properties Fresh . =e e i oe eee 
Determined Coal 7 
439 9 13} 2236 314 496 6734 
Proximate Analysis (Per Cent.) 
Volatile matter................ 34,2 33.5 32.9 32.4 32.4 32.4 32.3 32.2 
Bixedscarbomi.aas ws acm wanes 65.8 66.5 Ot. 67.6 67.6 67.6 67.7 67.8 
Ultimate Analysis (Per Cent.) 
Garbo irc cncahenct itch ely Rahman | 88,1 86.9 86.9 87.2 85.9 85.9 85.0 85.2 
Ely drogen) .fis..s scene sneeleie ee eens 5.2 5.3 5.2 5.2 5.1 5.1 5.3 5.2 
Oxy PON A. Rais, see te rome 4.2 5.3 5.4 5.1 6.6 6.6 7.3 7.3 
INIERORON Pao jae cie mmo Wag lees ares Leia Let eres 1.6* eG 
Sulfur... 6. eee eee eee ee eel 0.8 0.8 0.8 0.8 One 0.7 0.8 0.7 
Bt (eross) per dbp en sree 15,410 | 15,330 | 15,250] 15,260! 15,100 15,030 | 14,930] 14,870 
Weight per 100 g. of dry, ash-free 
original sample.............. 100.00 |100.31 |100.54 |100.41 |100.83 |101.10 |101.60 101.41 


* Kstimated. The percentage of nitrogen was determined only in the fresh coal and in the sample 


oxidized for the longest time. 
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TaBLeE 6.—Elkhorn No. 3 Seam, Eastern Kentucky 


Analyses are Shown on the “As Tested” Basis and Refer to Raw Coal or Samples 
as Removed from Oxidation Process 
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Days of Oxidation at 80° C. 


Constituents or Properties Determined on - - 
448 9 1334 18 30 
Proximate Analysis (Per Cent.) 
MOIS bUNO seen cs, eh clate sdans Sci Se Ot Be U4 0.8 0.6 0.6 0.8 0.6 
Molabile smatter sci. ck rsp ecc. ctl: cule ees 37.0 35.5 35.7 35.6 35.4 35.2 
NEMEC LOAT I OL) ySnc ecto seo ws ing olecacerteark i 58.8 61.0 60.9 61.0 61.0 61.4 
PAS roy, WRN eas Maree ns, Ae aes elns che OS 2.8 2.7 2.8 2.8 2.8 2.8 
Ultimate Analysis (Per Cent.) 
Carbone ret: teri Co aie eee ee 81.8 82.2 81.5 81.1 80.8 80.3 
2 EAU Ca oy ae) NERY Oe MMe ener in ey aE dae Oe 5.4 5.1 rite | 5.2 5.3 5.2 
OD flit ie A LAN RERAS CREME ONT ne ite ons 7.8 7.8 8.4 lat 8.9 9.5 
ENCORE Ne pet Miche Se tes SNS clase aa 1.6 162 TGF? | 1.6* 1.6* 16 
PAT STEDS ot ae Bo he CON oe ape89Ss 0.6 0.6 0.6 | 0.6 0.6 0.6 
£545 regt PM (oa 0)-}=) er ef) ll 6 aire pee 14,310 14,360 14,360 14,300 14,250 14,120 
Weight per 100 g. original sample......... 100 99.18 99.35 99.45 99.85 | 100.36 
Agglutinating value (Marshall-Bird test)... 5,100 1,290 Nil Nil Nil Nil 
Color intensity of alkaline extract......... 4.4 41.7 


* Estimated. The percentage of nitrogen was determined only in the fresh coal and in the sample 


oxidized for the longest time. 


Tasie 7.—Elkhorn No. 3 Seam, Eastern Kentucky 
Analyses Calculated to the Dry, Ash-free Basis 


Days of Oxidation at 80° C. 


Constituents or Properties Determined Breen — —$——_________— ——— 
446 9 1319 18 30 
Proximate Analysis (Per Cent.) 
NWiOLa IG IAAELOMs;. cic cs whe oie os ogee anal eye 38.6 36.8 36.9 36.9 36,7 36.4 
USO GUCATIO OM i nics cnet oaitnere cin dic Smite whet 61.4 63.2 63.1 63.1 63.3 63.6 
Ultimate Analysis (Per Cent.) 
gg ote Os Set won ech Cae a citee gee ae 85.4 85.2 84.4 84.0 83.8 83.2 
PVA ROR OL vanane cies) dt ore eel ae the Fenavaie as ssey tetas 5.4 5.2 5.2 5.4 5.4 5.4 
(Oh aif-Gillmanta fo at Obed OOo LO a OC oi mcene te than 6.9 7.4 8.1 8.4 8.5 9.2 
IN ROyULSTON clo ad ois COC mole cee ey ens 1.6 1. 6* Ge 16% 1.6* 1.6 
PIE KALEe Ree ead eee ia acevo eehie ae Cysts eure SS 0.7 0.6 0.7 0.6 0.7 0.6 
B. t.u. (gross) pernl berberine: cade ris aks Maer oe 14,940 14,890 14,870 14,810 "14,790 "14,620 
Weight per 100 g. of dry, ash-free original 
BAUMple eerie eval weaieciene oicGanciea a tetera ate 100.00 99.86 | 100.15 | 100.20 | 100.40 | 101.15 


a 
* Hstimated. The percentage of nitrogen was determined only in the fresh coal and in the sample 


oxidized for the longest time. 
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Discussion OF RESULTS 
Study of Relative (Percentage) Changes 


Change in Weight.—Following.a loss in weight during the first oxida- 
tion period (due principally to loss of moisture), all samples continued to 
gain in weight. The total increase after the last oxidation period amount- 
ed to 0.7 to 1.4 per cent. on the dry ash-free basis. The Pocahontas 
coal changed the least, while the Powellton and Elkhorn coals showed a 
similar gain in weight at the end of one month. 

Moisture.—When examining the moisture results (Tables 2, 4 and 6), 
it must be kept in mind that the coals were oxidized at 80° C. in a current 
of air which had been substantially saturated at room temperature. The 
amount of moisture in equilibrium with the oxidized coal under these 
conditions ranged from 0.2 to 0.8 per cent. and was inversely related to the 
rank of the coal. 

Volatile Matter.—It has been a frequent observation that the volatile- 
matter content of high-volatile coals is somewhat lowered by weathering. 
This is borne out by our results on Powellton and Elkhorn coals, which 
show a reduction of about 2 per cent. in volatile matter. Most of this 
change occurred during the early stages of oxidation. The Pocahontas 
coal did not show a well defined, consistent change in volatile-matter 
content. 

Calorific Value (B.t.u.).—As was expected, all coals showed a progres- 
sive loss in calorific value upon oxidation. The total reduction in gross 
B.t.u. per lb., as compared with the fresh coals, ranged from 230 to 540 
B.t.u. (1.5 per cent. to 3.5 per cent.) on the dry, ash-free basis. The 
Pocahontas coal showed the least change, while the Powellton and 
Elkhorn coals showed about the same loss after one month. In each case 
the percentage reduction in calorific value is nearly equal to the decrease 
in carbon and increase in oxygen percentages. However, the calorific 
values dropped at about twice as fast a rate as the samples gained 
in weight. 

Carbon.—In the case of each coal the percentage of carbon progres- 
sively decreased with oxidation. As already pointed out, a fairly definite 
relation exists between carbon, oxygen and calorific values. The drop 
in carbon percentage ranged from 2.2 to 3.0 per cent., being least in the 
case of the Pocahontas coal. 

Hydrogen.—The hydrogen percentages (dry, ash-free basis) remained 
practically constant, and the ultimate analysis does not indicate any 
appreciable loss in hydrogen during oxidation at 80° C. 

Oxygen.—The progressive increase in oxygen is about equal to the 
percentage decrease in calorific value and carbon. The relation between 
oxygen content and agglutinating value will be discussed later. 
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Study of Analyses on the Multibasic Coal Chart 


In another paper!® we have graphically studied the changes in analysis 
caused by severe oxidation. Fig. 4 presents the foregoing data in a 
similar manner. This diagram represents a small area from the Rose 
multibasic coal chart... This type of chart permits a direct comparison 
of the B.t.u.-fixed carbon (or volatile matter) relationship with the 
ultimate analysis. The scales for the upper and lower areas of this 
chart have been so selected that all similarities or differences in the 
progressive change in analysis become very evident. 


B7U (GROSS) PER LB 


“FIXED CARBON 


% HYDROGEN 


% CARBON 


Fig. 4.—Oxipation oF 100-mEsH coat aT 80° C. 
Analyses on dry, ash-free basis after number of days indicated in figure. 


Fig. 4 shows that in the case of each of the three coals tested, the 
course of oxidation is shown about equally well in both the upper and 
lower areas although all of the changes are relatively small, as compared 
to those caused by severe oxidation. In Fig. 4 the individual points have 
been connected by straight lines, instead of by drawing a smooth curve 
through each group of values. In the case of the B.t.u.-fixed carbon data 
(upper area), the analytical results appear to be very consistent and the 
lines connecting the values are nearly straight. 

However, the lines connecting the ultimate analyses are less regular, 
and the question arises as to whether these irregularities are real, or simply 
represent difficulties in obtaining ultimate analyses of high precision. 


10 H, J. Rose and J. J. 8. Sebastian: Op. cit. 
11 Hf. J. Rose: Multibasic Coal Charts. See, page 541. 
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The dry oxidized samples were hygroscopic, which increased the difficulty 
in obtaining correct values. In spite of the care used in making these 
determinations and the fact that some of the variations apparently exceed 
the tolerances of the American Society for Testing Materials, we do not 
feel sure that they prove the actual existence of erratic changes in ultimate 
analysis due to moderate oxidation. . 

There is little difficulty, with modern equipment, in obtaining calorific 
values of excellent precision. It is our firm opinion that calorimetric 
determinations are of great value in the study of coal and are not reported 
frequently enough in papers on coal research published the world over. 


Value of Analyses for Detecting a Slight Amount of Oxidation 


If the typical analysis of coal from a given mine is known, is it possible 
to detect by analysis a slight amount of oxidation in stockpile samples? 

The data in this paper show that Pocahontas coal had lost its agglu- 
tinating power (but not all of its coking property in the volatile-matter 
test) after 56 days’ oxidation. By this time it had dropped 230 B.t.u. 
per lb. and 2.1 per cent. in total carbon content. After 6714 days, the 
Powellton coal still retained some of its agglutinating power and coking 
property, but had dropped 540 B.t.u. per lb. and 2.9 per cent. in carbon 
content. However, the Elkhorn coal had lost its agglutinating power and 
produced only a feeble coke button after 9 days’ oxidation, at which time 
it had dropped about 70 B.t.u. per lb. and 1.0 per cent. in carbon content. 

This shows that when Pocahontas and Powellton coals have lost most 
of their agglutinating power and coking property there is a corresponding 
change in B.t.u. per lb..and percentage of carbon which can be detected 
with certainty. This can hardly be said of the Elkhorn coal. Since, 
however, oxidation affects the practical value of coal for carbonization 
purposes long before the coking properties have been destroyed, it is 
evident that analysis results in many cases will not be sufficient definitely 
to show a change in the value of coal caused by moderate oxidation. 

The above figures refer to the dry, ash-free basis. When weathered 
coals are air-dried, they retain more moisture than do fresh coals. Analy- 
ses on the air-dry, ash-free basis would help to differentiate between 
slightly weathered and fresh coals. Of course the air-drying would have 
to be carried out under strictly comparable conditions. 


Study of Absolute (Actual Total) Changes 


The preceding discussion referred to relative changes, which were 
expressed as percentages or B.t.u. per lb. Since these values were based 
on unit weights of samples which had already undergone changes in 


weight due to oxidation, they do not express the absolute or total changes 
of the quantities involved. 
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It will be instructive to calculate these actual total changes. For 
example, let us consider the total changes which would occur in 100 lb. 
of fresh Powellton coal (dry, ash-free basis) when oxidized for 6714 days 
under our experimental conditions. By referring to Table 5, and by mul- 
tiplying each figure in the 6714-day oxidation column by 1.014 (to con- 
vert these figures to the total basis) we obtain the following comparison: 


TaBLE 8.—Weight Balance of Fresh and Oxidized Coal 


te ce Ondo Le. S | Loss or Gain, Lb. 

NWerxhtotsamples cen. oen os en 100.0 101.4 +1.4 
Wolatilermatternese oe. te. ee ce ees yh 32.7 —1.5 
ixeatcarbonersg a. sch ert ae. 65.8 68.7 +2.9 
100.0 101.4 yi +1.4 
Chilo ts Sa ee ee ee te ie 88.1 86.4 —1.7 
Wabi golrgoyedes oleae pee ie Ce gee Re ae 5.2 | 5.3 +0.1 
ORC ren ges cee te oe cereal 4.2 7.4 +3 .2 
INTRO CCM Eee tae oe Anas «Sena, oo | 1) Tf 1.6 =—0.1 
DSYDIIR EDT. Bicsic el soy ol Wi ee he eg eee ee are 0.8 0.7 —0.1 
| 100.0 101.4 +1.4 

sede le GOrballl tices eet. ct te vaescoteaclh le. 15,410,000 | 15,080,000 — 33,000 


When the total losses or gains for each coal are calculated in this 
way, we obtain the following comparison: 


TaBLE 9.—Absolute Losses or Gains during Oxidation in Lb. per 100 Lb. 
Original Coal (Dry, Ash-free Basis) 


“Pocahontas Powellton | Elkhorn Pocahontas | Powellton 
| 
Days oxidized at 80° C............|_ SOjll C7 os BOF ln ee BS* es BUG 
Weight of sample...............+: [| sie O ate aL es aie 2 eee arial 
Wolatile matters <cm.e sca cece oot +0.9 -1.5 E82 +0.3 —1.4 
YXOGCAT DOM es shcsras hs wie 9 2 side meet] —0.2 +2.9 +3.0 +0.1 +2.5 
| +0.7 +1 aig gigle we +0.4 cies Basie 
Carbon........ Cie Suen pets HA Ge? =o) S108 22053 
METS OMEN! ath ay « Alene) snes) sista 2 aps heh eee. se +0.2 +0.1 +0.1 +0.3 0.0 
(OE SYEEIO 4 pientt cere QOnT Orth Sore EO Cen S | +1.9 +3.2 +2.4 +1.3 +2.5 
INGDROMEIES nite tte su nee seks spss | +0.1 —0.1 0.0 +0.1 0.0 
SPIT yak oe tha lanbiols dere aamente | 0.0 —0.1 —0.1 | 0.0 -0.1 
+0.7 +1.4 +1,2 +0.4 +1.1 
Ectolas LOSBa (COGAN) s serie yonta i= =\0\) 0's — 12,000 — 33,000 — 15,000 — 13,000 — 21,000 
B.t.u. loss per lb. original sample... — 120 — 330 — 150 — 130 — 210 


* First month, 
Since the oxidation of each coal was conducted for a different length 
of time the total losses or gains after about one month’s oxidation are 
presented in the last three columns of Table 9. 
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The gain in weight of Elkhorn and Powellton coal after one month 
was about three times that of the Pocahontas coal. The same two coals 
lost about 114 lb. volatile matter and gained nearly twice as much fixed 
carbon while the Pocahontas coal did not show a significant change in 
these respects. Each coal lost about 1.3 lb. total carbon per 100 lb. 
original sample. If this was evolved as CO, nearly 3.5 lb. of oxygen were 
required to combine with this amount of carbon. 

There was no apparent loss in hydrogen, in fact there appeared to be 


aslightincrease. If correct, this might be explained by an increase in the - 


moisture-retaining capacity of oxidized coal. 

The oxygen content of the Pocahontas coal increased 1.3 lb. after 
28 days and nearly twice as much in the case of the Elkhorn and Powell- 
ton samples. Apparently, less than half of the oxygen reacting with the 
coal was retained by it, even at the temperature of 80° C. 

The changes in nitrogen and sulfur are too small to be significant. 

During the first month, the loss in British thermal units ranged from 
130 to 210 B.t.u. per lb. original coal, and was greatest in the case of the 
Powellton coal. It is interesting to note that the actual B.t.u. loss is 
considerably less than the apparent loss from the ordinary analysis result. 
Thus Table 9 shows that the Powellton coal after 6714 days oxidation had 
actually lost 330 B.t.u. per lb. original sample, as compared to the 540 
B.t.u. drop indicated by the ordinary analysis results in Table 5. 


AGGLUTINATING VALUE AND CoKING PROPERTY 


Many persons have fallen into the error of expecting too much of 
agglutinating tests in predicting the practical coking behavior of coal. 
The agglutinating test measures the ability of a coal to cement or bind 
together during carbonization many times its volume of some added 
noncoking material. This is not the condition which exists in ordinary 
commercial coke manufacture. In fact we wish to point out that most of 
the physical conditions in the usual types of agglutinating test are at 
wide variance with practical coking conditions. 

“Coking property” is a much abused term which is used freely but 
with little real discrimination. It is doubtful whether a satisfactory 
general definition for “coking property” exists or can even be written 
with our present knowledge of the physical phenomena of coking. Most 
existing definitions do not describe the property, but refer instead to the 
quality of the coke which can be obtained. 

From the standpoint of the by-product coke-oven operator, a coal 
has satisfactory coking properties if it will produce a sufficiently large 
yield of strong coke of the desired size, when coked under normal con- 
ditions (which may include the admixture of other coking coals). 

We have not used the Marshall-Bird agglutinating test in an attempt 
to predict the coking property of coals, either in the fresh condition or 
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after oxidation. Instead, our purpose has been to determine whether or 
not slight oxidation changes the agglutinating value to a much greater 
extent than it changes the composition and calorific value. 

The results published in this paper and illustrated in Figs. 1, 2 and 3 
show that in the case of the coals tested, the agglutinating values were 
enormously more affected by oxidation than were proximate and ulti- 
mate analyses and calorific values. (Be sure to observe that the agglutin- 
ating scale in these figures has been reduced 10 times to permit it to be 
shown on the same diagram with the other results.) In Figs. 1, 2 and 3 
the agglutinating strength is shown as a percentage of the value of the 
fresh coal. For actual crushing strengths, see Tables 2, 4 and 6. 

The agglutinating strength of the fresh Pocahontas coal was very 
high, being about 16,000 g., which is twice as great as the values for low- 
volatile coking coal which have previously been reported!? using the 
Marshall-Bird test. However, similar high values have since been 
obtained by the U. 8. Bureau of Mines on other samples of low-volatile 
coal. The agglutinating value of the Pocahontas coal was but little 
affected during the first week of oxidation, after which it fell at a rapid 
and regular rate until a zero value was reached after 56 days. 

The Powellton coal, with an initial agglutinating strength of 7200 g., 
showed a most interesting behavior. When oxidized at 80° C. the agglu- 
tinating value increased by 2500 g. (35 per cent.) and it was not until a 
month had elapsed that the value had again dropped as low as that of the 
original fresh coal. After 6719 days’ oxidation the agglutinating value 
still was one-third that of the fresh coal. 

The Elkhorn coal started with an agglutinating value of 5100 g. which 
dropped to zero within nine days of oxidation.1* 


Coke Buttons from Volatile-matter Test 


We have noted a very interesting relation which is shown by Figs. 
6, 7 and 8. These figures show that in the case of the three coals tested, 
the height of the volatile-matter coke buttons varies directly with the 
agglutinating values of the coal, regardless of whether the values are 
inereasing or decreasing. Furthermore, the volatile-matter coke buttons 
had assumed a low and fairly characteristic form by the time that the 
agglutinating value had been reduced to about 2000 g. The coals, how- 
ever, continued to form a fair quality volatile-matter coke button after 
they were no longer able to cement together 10 times their weight of sand. 
This is not surprising. It must also be remembered that the very rapid 
heating in the volatile-matter test favors the formation of coke from 


128. M. Marshall and B. M. Bird: Op. cit. 
18For previous comment on ability of this coal to resist deterioration under 
practical conditions, see page 561. 
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poorly coking coal. The rate of heating is not as fast in the aggluti- 
nating test. 


Relation of Agglutinating Value to Oxygen Content 


The relation between agglutinating value and oxygen content of the 
three coals which we examined is clearly shown by Fig. 5. These results 
contain some elements of surprise. 

During the first week, the oxygen content of Pocahontas coal increased 
more than 1 per cent., but the agglutinating value was practically 
unchanged. However, this value then dropped from 16,000 to zero while 
the oxygen content was increasing by only 0.7 per cent. additional (dry, 


Bey THE NUMBERS BESIDE EACH 
POINT REPRESENT DAYS 
OXIDATION AT 80°C 


ea aire 
LTT A dh 
tH | AS REC. SCRE es EE 

IELKHORN No. Sq 

ld) al Ne IBD Sc 
BMBERREGRHEEBA eee. 
‘ A bed Ls Teel Vera il cee 
PP Isa S/o Vs Ne oe 
PTT ee | TTT | | Tee gol | | 


(0) 8 9 10 
“OXYGEN ON. DRY, ASH: FREE BASIS 


Fic. 5.—R®ELATIONSHIP OF AGGLUTINATING VALUE TO OXYGEN CONTENT OF COAL. 


During the first three weeks the agglutinating strength of the Powell- 
ton coal increased 2200 g. at the same time that the oxygen content was 
also increasing rapidly (from 4.2 to 6.6 per cent.). But, when the 
oxygen content increased only 0.7 per cent. additional (from 6.6 to 7.3 
per cent.), the agglutinating value dropped by nearly 7000 g.. This is 
quite different from the regular, proportional change that has been 
expected by some writers. It should also be pointed out that during 
the first month of oxidation there are two entirely different oxygen con- 


tents and two periods of oxidation corresponding to the same agglutinat- 
ing value. 
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The Elkhorn coal lost its agglutinating property so quickly under 
our experimental conditions (100-mesh coal in air at 80° C.) that only one 
value was obtained before this coal was unable to bind together 10 times 
its weight of sand. Nevertheless the Elkhorn coal continued to give a 
coherent coke button in the volatile-matter test when it had been oxidized 
for three times as long as necessary to destroy its agglutinating value as 
measured by the Marshall-Bird test. 

The above facts indicate that (in some cases at least) there is not 
only a lack of direct correlation between the agglutinating value and 
oxygen content of oxidized coal, but that most of the increase in oxygen 
content occurs without much accompanying change in agglutinating 
value. Also, while the drops in agglutinating value take place, the 
oxygen content shows little change. This is an observation which merits 
further investigation. 

We have also examined the relation between agglutinating value and 
the total oxygen that has reacted with the coal (this latter value can be 
calculated from previous data on the actual total loss of carbon by assum- 
ing that this carbon was evolved as carbon dioxide). When plotted, such 
data result in graphs similar to Fig. 5, but even more striking, and only 
serve to emphasize the lack of correlation that has just been pointed out. 

In this discussion we are referring to oxidized coal samples. We 
have not yet seen enough data on the agglutinating values of freshly 
mined coals of known coking behavior to express an opinion on the degree 
of correlation which may be expected in such cases. 


EFFECT OF OXIDATION ON CoLoR oF ALKALINE EXTRACT FROM COAL 


The most satisfactory and direct way to determine any deterioration 
which may have occurred during storage is to test the coal in the full-scale 
equipment in which it is to be used. However, such tests cannot always 
be conveniently made, for various reasons. 

In such cases, less direct small-scale tests, or laboratory results such as 
chemical analyses, B.t.u. determination or agglutinating tests may be 
resorted to in the hope that such results can be correlated with practice. 
If one wishes to use indirect methods of this sort it would be worth while 
to find the simplest and most rapid test which could be considered satis- 
factory for the purpose. One test that has been proposed is the color of 
the alkali extract from coal. 

Freshly mined coking coals contain little material that is soluble in 
dilute alkaline solutions. However, when such coal is oxidized, alkali- 
soluble substances called “‘humie acids” or “ulmins”’ are progressively 
formed. By a sufficiently long and severe oxidation, the coal substance 
can often be converted almost entirely into such products. The amount 
of soluble humates in the alkali extract can be estimated by titration with 


ee Ce 
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an oxidizing agent," or by color comparison, '® since they usually possess a 
strong brown color. 

It did not come within the scope of our present investigation to 
examine critically published methods based on the alkali-soluble material 
in coal, or to develop a new method. However we have made a few 
preliminary tests in order to make our data more comprehensive. We 
have already described the method that was used. 


Color of Extracts from Fresh Coal 


The freshly mined coal samples were pulverized for the oxidation 
experiments and the surplus 100-mesh coal was placed in small, tightly 
stoppered bottles and stored in a refrigerated chamber at a temperature 
close to 0° C. About four months elapsed before the bottles were opened 
for the alkali extraction tests. 

By referring to Table 10 it is seen that the alkali extract from raw 
Pocahontas and Elkhorn coals had a color intensity of about 4, whereas 
the color of the Powellton extract was found to be six times as great. 
These results cannot be correlated with the rank of the coals or their 
agglutinating value. 

Color of Extracts from Oxidized Coal 

The color of the extract from Pocahontas coal was not much affected 
by oxidation, in fact the intensity increased only from 4 to 6 after 56 days 
of oxidation at 80° C. When the Pocahontas coal was oxidized at 105° C. 
to the total destruction of coking property (according to the volatile- 
matter test) the color increased only to 9. 

The color intensity of the Powellton extract increased from 26 to 56 
during the first month of oxidation at 80° C., but this coal gave a color 
intensity of 1000 when the coking property was totally destroyed by 
oxidation at 105° C. (about one week). 

The color of the Elkhorn extract was 4 at first, and this increased to 
42 after 18 days at 80° C. This coal gave an intensely dark reddish 
brown extract having a color intensity of 5000 when oxidized for only 36 
hr. at 110° C. (with complete destruction of coking property). 

In each ease the color intensity of the extractsincreased with oxidation, 
and such a method might be used to study the progress of oxidation in a 
given coal. However, different coals show enormous differences in 
the increase of colorintensity of extracts, when they are oxidized under the 
same conditions. There does not appear to be a correlation between the 
color intensity of the alkaline extracts from oxidized coals and the results 
of the Marshall-Bird agglutinating test. Possibly other forms of alkali 
treatment (many of which have been proposed) might prove more useful. 


144Q, Charpy and G. Decorps: Sur la détermination du degré d’oxydation des 
charbons. Compt. rend. (1921) 173, 807. 
15 W, Seymour: Op. cit. 
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TasLe 10.—Color Intensity of Alkaline Extracts 


ose r, Color of Extract ine 
Values 
Pocahontas 
Raw a) Sav tot eee eee | 16,320 Very light greenish yellow 4.3 
Oxidized 21 days at 80° C....... 8,230 | Slightly darker 5.2 
Oxidized 56 days at 80° C.......) . 0 Slightly darker 6.3 
Oxidized at 105° C. to total de- | | 
struction of coking property... 0 | Slightly darker 9.3 
Powellton | | 
UaWrte. beta: ay tee eee ee 7,200 | Light orange-yellow 26.4 
Oxidized 2216 days at 80° C..... 9,390 | Same but darker | 45.5 
Oxidized 3114 days at 80° C..... | 6,850 | Medium light orange 55.6 
Oxidized at 105° C. to total de- 
struction of coking property. ...| 0 Dark brown 1,000 
Elkhorn | | 
Leen aba me pes ciecitiete eda c ete chee _ 6,100 | Very light greenish yellow 4.4 
Oxidized 18 days at 80° C....... | 0 Light orange eae SE 
Oxidized 114% days at 110° C. with | | 
total destruction of coking | | 
property Gi sacra 0 . Very dark reddish brown 5,000 


OxIDATION APPARATUS 


A brief summary of the conditions under which the coals were oxidized 
has been given. For the benefit of those who wish to examine the method 
critically, or who may wish to set up apparatus for a similar purpose, the 
following description of the latter is offered. 

Fig. 9 shows a diagrammatic elevation of the equipment and a plan 
showing the arrangement of apparatus in the water bath. The names 
and purpose of the various items, indicated by letters on these two 
figures, are given on page 582. 

The U-tubes used to contain the coal samples were 1 in. in inside 
diameter and 9 in. high, and were made of Pyrex glass. The coal was 
poured in loosely (not compressed). There was no indication throughout 
the experiments of any channelling in the coal samples, and it is believed 
that there was a uniform contact between coal particles and the air 
stream. In one of the tubes, two thermometers were used, one in the 
inlet side and the other in the outlet side. There was no appreciable 
rise in temperature at the inlet side. 

The rate at which the air passed through each tube was checked 
daily by volumetric measurement of the exit gases. About once a week 
the air (containing oxidation products) issuing from one of the tubes was 
analyzed for oxygen and carbon dioxide, using Williams pipettes. The 
carbon dioxide content in the air leaving the U-tubes varied from 0.0 to 
0.3 per cent. The oxygen content did not fall below about 20 per cent. 
Usually the reduction in oxygen percentage was scarcely detectable. 
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Fic. 9.—APpPARATUS FOR OXIDATION OF COAL UNDER CONTROLLED CONDITIONS. 


ELEVATION AND PLAN. 


(Key on opposite page.) 
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The apparatus proved to be convenient and gave controlled con- 
ditions throughout the test. 


Repucing Coat OxIDATION DURING STORAGE 


It is not the purpose of this paper to discuss or recommend practical 
methods of coal storage. However, it should be pointed out that proper 
methods will accomplish much in reducing coal deterioration and the 
elimination of stockpile fires. 

Excellent results are claimed for a system of storage which appears to 
have been used more extensively at power plants than at coke plants. In 
this method the stockpile is built up in layers, each of which is carefully 
leveled and rolled before the next layer is added. Considerable packing 
occurs, and the cubic-foot weight in the pile may be increased by one- 
third as compared to loose coal.'* Large piles built up in this manner are 
well adapted to resist oxidation. 
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Key to Fig. 9 


. Air-pressure regulator; 20 in. water in glass cylinder. 

. Erlenmeyer flask containing water for saturating air at room temperature. 

. Centrifugal air pump. 

. Electric motor, 1¢ hp. 

. Six dry cells in series, each 1.5 volts. 

. Electric immersion heater, 500 watts. 

een oeegute regulator, mercury in glass; temperature was held at 80° C, 

H. Thermometer (0 to 100° C.). 

I. Lead coil for preheating air. 

J. Manifold to distribute air into U-tubes. (See J in plan.) 

K. Stopcocks to regulate air supply to individual U-tubes. 

L. Wooden support to hold U-tubes parallel and in place. (A perforated metal 
plate or piece of very heavy screen could be used for this purpose.) 

M. Spiral of copper wire to prevent displacement of coal in U-tube by air pressure. 

N. Cotton plug. 

O. Coal sample, 50 g. just passing 100-mesh screen (0.0058-in. or 0.147-mm. square 
PDSHR Es) Care was taken to use the minimum amount of grinding in preparing the 
samples. 

P. Electric ring-heater with three terminals used for supplying 500 and 1000 watts. 

Q. Hand-operated switch for adding 500 watts input in cool weather. 

R. Relay operated by regulator G, controlling 500 watts input. 

S. Air for stirring water bath, to make close temperature regulation possible. 

T. Water supply for bath. 

U. Thick asbestos-paper heat insulation for water bath. 

V. Constant water-level device. 

W. Excess water discharge. 

X. Wire screen support. 

Y. Enamelled steel water bath. 

Z. Outlet for air and oxidation products. 


QawoQw> 


— 
fe} 


Sg 


16'T, N. Wynne: Facts on Indiana Coal. Indianapolis, 1926. W. K. Stewart Co. 
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DISCUSSION 


H. M. Hasta, Palmerton, Pa., inquired about the relation between the accel- 
erated oxygenation test and natural aging. Mr. Rose replied that the effects produced 
by oxidizing coal at 80° C., as described in the paper, were believed to simulate satis- 
factorily the oxidation effects produced during actual storage. 


A. C. Frevoner, Washington, D. C. (written discussion*).—Rose and Sebastian 
have presented clear-cut evidence of the marked effect of moderate oxidation on the 
agglutinating value of coal. Their paper, together with that of Marshall, Yancey 
and Richardson, indicates that agglutinating power tests are useful in appraising a 
certain property of coal that is important in coking the coal and probably in the caking 
of coal on a fuel bed, especially with reference to the use of different types of mechan- 
ical stokers. However, we must not jump to the conclusion that this test is by 
itself a measure of the suitability of a coal for the manufacture of coke. Itis only one 
of a number of factors that must be considered in this connection. 
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Fic. 10.—CHANGE IN COMPOSITION OF COAL WITH DISTANCE FROM OUTCROP, 
EXPERIMENTAL Mine oF U.S. BuREAU OF Mins, PITTSBURGH BED. 
Analyses are on dry, ash-free basis. 


From the data presented, it is apparent that agglutinating value tests may serve 
as sensitive indicators of deterioration of coking properties. It is hoped that more 
experimental work will be done in applying this test at gas and coke-oven plants 
and thus more data will be obtained on its practical application and interpretation 
of results. 

Mr. Rose’s multibasic coal chart is an excellent graphic means of showing relation- 
ships between the proximate and ultimate analysis of coal and other properties. For 
example, Fig. 10 shows the change in composition of the Pittsburgh coal bed at the 


* Published by permission of the Director, U.S. Bureau of Mines. 
179. M. Marshall, H. F. Yancey and A. G. Richardson: Loss in Agglutinating 
Power of Coal Due to Exposure. See page 389. 
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U. S. Bureau of Mines Experimental Mine, with distance from the outcrop. These 
data are taken from Technical Paper 35.18 Beginning at 1 ft. from the outcrop the 
coal shows a progressive increase in percentage of carbon and hydrogen (and conse- 
quent decrease of oxygen) and increase in heating value, until at approximately 60 
ft. from the outcrop the composition becomes constant; that is, the cover is great 
enough to prevent oxidation and deterioration of the coal. The analytical values are 
given on a moisture and ash-free basis. The chart has the advantage of showing the 
essential factors of the proximate and ultimate analyses and the British thermal units 
in close juxtaposition on a compact graph. I regret that we did not determine 
agglutinating values when this work was done. A comparison of the results obtained 
from these coals, which were very slowly oxidized over long periods of time, with those 
of the authors on accelerated oxidation tests at higher temperatures would have : 
been interesting. +t 


18 H. C. Porter and A. C. Fieldner: Weathering of the Pittsburgh Coal Bed at the 
Experimental Mine near Bruceton, Pa. U.S. Bur. Mines Tech. Paper 35 (1914). 
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Review of Methods Used in Coal Analysis, with Particular 
Reference to Classification of Coal* 


By A. C. Frstpner,{ Wasurneron, D. C. 


(New York Meeting, February, 1930) 


THE usual analytical determinations made in analyzing coal are 
comprised in the proximate and ultimate analysis and the determina- 
tion of calorific value. The proximate analysis includes determinations 
of moisture, volatile matter, fixed carbon and ash; the ultimate analysis 
determinations of carbon, hydrogen, oxygen, nitrogen, sulfur and ash. 

The proximate analysis is an empirical process, and the results, 
obtained, especially for volatile matter and fixed carbon, are materially 
influenced by the method of conducting the determinations. This fact 
must be kept in mind in comparing coal analyses from different labora- 
tories for classification purposes. Unless these laboratories have fol- 
lowed the same standard methods, differences due to variations in the 
analytical methods may, in some cases, be large enough to change the 
classification of the coal. It is unfortunate that the determinations of 
volatile matter and fixed carbon, which are most used in coal classification, 
are the two that are subject to the greatest variations. Moisture comes 
next in the scale of variation. 

The ultimate analysis is less influenced by method, since it comprises 
the determination of definite chemical elements. However, even the 
ultimate analysis is subject to errors, due to inorganic carbon from 
carbonates and to inorganic hydrogen from water. For these reasons it 
is evident that the Committee on Coal Classification must be informed 
on the evolution of methods of coal analysis in America and the average 
differences in analytical results that may be expected from variations in 
methods. ‘The committee should be informed also on which methods 
should be accepted as standard for classifying coal and on the magnitude 
of the differences in results that may be expected from duplicate samples 
of the same coal sent to different laboratories for analysis by the same 
standard methods. 

It is the purpose of the present paper to provide this information. 
The subject will be discussed under the following main heads: 


* Revision of Report No. 1 (on analytical methods) of Subcommittee on Origin, 
Composition and Properties of Coal, and Methods for Their Determination. Pub- 
lished by permission of the Director, U. 8. Bureau of Mines. 

+ Chief Chemist, U. 8. Bureau of Mines, and Chairman of Sectional Committee 
on Classification of Coal of American Standards Association. 
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1. Evolution of present standard American method. 

2. Influence of variations in method on analytical results. 

3. Normal variations in analytical results by present American 
standard method. 

4. Recommendations. 


EVOLUTION OF PRESENT STANDARD AMERICAN METHOD 


The first American standard method for analyzing coal was recom- 
mended by a committee of the American Chemical Society in 1899." 
This report covered sampling, proximate analysis, ultimate analysis 
and heating effect (calorific value). The instructions on sampling, 
heating effect and ultimate analysis were in general terms, no specific 
methods being described. Detailed procedures were outlined for the 
proximate analysis and sulfur determination. The essentials of these 
methods will be given in order to trace the modifications and improve- 
ments that have been made between 1899 and 1929. 


Sampling 


‘‘Crush and quarter down to size not larger than 14-in. cube and in 
amount to fill a one-quart fruit jar. Seal airtight. Conduct operations 
rapidly to guard against moisture loss.’”’ Beyond these specific directions, 
the instructions are very general. 


Preparation of Laboratory Sample 


“Quarter down to 100 grams; grind rapidly in a mill with minimum 
exposure to air. Transfer part of this coarsely ground sample to an 
air-tight container and reserve it for special moisture determination. 
Grind the remainder to a powder and preserve it in a corked tube for the 
other determinations.”’ 

These instructions also are very general; in fact, the method outlined 
would not prevent material losses of moisture in sampling high-mois- 
ture coals. 


Moisture 


“Dry one gram of the coal in an open porcelain crucible at 104° to 
107° C. for one hour, best in a double-walled bath containing toluene ; 
cool in a desiccator and weigh covered. For accurate moisture deter- 
mination of the as-received coal, use the coarsely ground sample and 
recalculate the analysis to this basis for as-received values.” 


+ W. A. Noyes, Chairman; W. F. Hillebrand, C. B. Dudley. Report of the Com- 
mittee on Coal Analysis to the President and Members of the American Chemical 
Society. Jnl. Amer. Chem. Soc. (1899) 21, 1116. 
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Volatile Matter 


‘‘Place one gram of fresh, undried, powdered coal in a platinum cruci- 
ble, weighing 20 or 30 grams, and having a tightly fitting cover. Heat 
over the full flame of a Bunsen burner for 7 min. The crucible should be 
supported on a platinum triangle with the bottom 6 to 8 cm. above the 
top of the burner. The flame should be 18 to 20 cm. high when burning 
full, and the determination should be made in a place free from drafts. 
The upper surface of the cover should burn clear, but the under surface 
should remain covered with carbon. To find ‘volatile combustible 
matter’ subtract the per cent. of moisture from the loss found here.” 

This method was a modification of the one given in a publication by 
Muck? and differed from the original in that the crucible was placed 6 
to 8 em. above the burner instead of 3 cm. above it, and the heating was 
continued a definite length of time instead of being stopped with the 
disappearance of flame at the edge of the lid of the crucible. The com- 
mittee at that time suggested possible objections to this method because 
of mechanical loss from the rapid heating of noncaking coals. The 
committee made some experiments with noncaking coals and apparently 
obtained satisfactory results. 


Ash 


“Burn the portion of powdered coal used for the determination of 
moisture, at first over a very low flame, with the crucible open and 
inclined, till free from carbon. If properly treated, this sample can be 
burned much more quickly than the dense carbon left from the determina- 
tion of volatile matter. It is advisable to examine tlie ash for unburned 
carbon by moistening it with alcohol.” 


Fixed Carbon and Sulfur 


Fixed carbon “is found by subtracting the ash from the per cent. of 


coke.”’ 
Eschka’s method was recommended for sulfur and the details for 


carrying out the determination were given in the report. 


Ultimate Analysis 


The committee deemed it unnecessary to give directions for the deter- 
mination of carbon, hydrogen and nitrogen, inasmuch as these procedures 
are given in detail in various textbooks on organic combustion analysis. 


Heating Effect, or Calorific Value 


The committee recommended that the gross heating value with the 
water in the combustion products condensed to liquid at ordinary tem- 


2F. Muck: Chemie der Steinkohle, 10. Leipzig, 1891. Engelmann. 
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peratures be reported. A bomb calorimeter was recommended but no 
details were given for conducting calorimetric tests. 


General Use of Methods of American Chemical Society 


The methods outlined came into fairly general use. They were 
given in the textbooks and were followed by state and national geological 
surveys. Perhaps the first wholesale application of the methods came 
with the establishment, at St. Louis, of the United States Fuel Testing 
Plant of the U. 8. Geological Survey in 1904. A large number of coals 
from all parts of the United States, ranking from lignite to anthracite, 
were analyzed at the Fuel Testing Plant. It was soon discovered that 
many more details had to be standardized in the methods of the American 
Chemical Society in order to secure results that could _be duplicated in 
different laboratories. Especially was this true with respect to deter- 
minations of moisture, volatile matter and fixed carbon. 

The American Chemical Society method for determining moisture 
did not specify circulation of dry air through the moisture oven. It 
was found that when a moisture oven was filled with a number of cruci- 
bles containing samples of high-moisture coals, the natural air circulation 
in the moisture oven was quite insufficient to remove all the moisture 
from the samples in the specified one hour of drying. It was found neces- 
sary, therefore, to pass a current of dry air through the oven. 
Thoroughly dried coal was discovered to be a better desiccating agent 
than calcium chloride, and therefore calcium chloride desicecators were 
replaced by concentrated sulfuric acid. The whole procedure of 
sampling coal was thoroughly studied, especially with reference to 
unaccounted for moisture changes. As a result of these investigations, 
- the Fuel Testing Plant and its successors, the Technologic Branch of the 
U. 8. Geological Survey and the U. 8. Bureau of Mines, adopted the 
general plan of shipping coal samples to the laboratory in air-tight con- 
tainers, then air-drying the coal so as to reach approximate equilibrium 
with the air, keeping a record of the air-dry losses, then crushing the air- 
dry coal to 60 mesh with roll crushers and ball mills. N. W. Lord? and 
Stanton and Fieldner* describe modifications of the American Chemical 
Society methods that were used in the laboratories of the Technologic 
Branch of the U. 8. Geological Survey and by the U. S. Bureau of Mines. 


3N. W. Lord: Work of the Chemical Laboratory. U. S. Geol. Survey Prof. 
Paper 48 (1906) 174. 

Experimental Work Conducted in the Chemical Laboratory of the United States 
Fuel Testing Plant at St. Louis, Mo., Jan. 1, 1925 to July 31, 1906. U.S. Bur. 
Mines Bull. 28 (1911). 

‘F. M. Stanton and A. C. Fieldner: Methods of Analyzing Coal and Coke. U.S. 
Bur. Mines Tech. Paper 8 (1912). 
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In 1910 Fieldner and Davis’ reported that large differences in volatile 
matter were secured in two U. S. Geological Survey laboratories, one of 
which was using natural gas and the other artificial gas. These differences 
were most noticeable in semibituminous coals, amounting in some cases 
to 3 and 4 per cent. Investigation showed that the large differences 
were obtained during the winter months when the pressure of natural 
gas was unusually low. This low pressure resulted in low flame tempera- 
tures and consequently in low volatile-matter determinations at the 
Pittsburgh laboratory, even though the height of flame was as specified 
in the official method. A later paper by Fieldner and Hall® showed the 
influence of temperature on volatile-matter determinations, and called 
attention to the fact that flame temperatures obtained with ordinary 
Bunsen burners using natural gas were lower than when manufactured 
gas was used, especially when the pressure fell off in the burners and the 
admixture of primary air was inadequate. 


Joint Commitiee of A. C. S. and A. S. T. M. 


These discoveries led the American Chemical Society and the Ameri- 
can Society for Testing Materials to appoint a joint committee to investi- 
gate methods of sampling and analysis of coal and to submit a new 
report which should represent the best practice for commercial coal 
analysis. This joint committee, organized in 1911, consisted of W. A. 
Noyes, Chairman; Perry Barker, H. C. Dickinson, A. C. Fieldner, 
Frank Haas, W. F. Hillebrand, 8. W. Parr, 8. 8: Voorhees and A. H. 
White. They held their first meeting in 1911 and appointed the follow- 
ing subcommittees: 

Preparation of Samples, including loss of moisture in sampling.— 
A. C. Fieldner, chairman; Haas, Hillebrand, Voorhees, Parr and Barker. 

Moisture—W. F. Hillebrand, chairman; Fieldner, Parr. 

Deterioration.—S. W. Parr, chairman; Fieldner, Haas, Dickinson. 

Volatile Matter—S. W. Parr, chairman; Fieldner, Haas, Dickinson. 

Fixed Carbon and Ash.—S. W. Parr, chairman; Fieldner, Hillebrand. 

Sulfur.—Perry Barker, chairman; Voorhees, Dickinson. 

Phosphorus.—W.F. Hillebrand. 

Ultimate Analysis—A. C. Fieldner, chairman; Parr, White. 

Calorimetric Determination—H. C. Dickinson, chairman; Haas, 
Barker. 

Interpretation and Computation.—Entire committee. 


5 A. C. Fieldner and J. D. Davis: Some Variations in the Official Method for the 
Determination of Volatile Matter in Coal. Jnl. Ind. & Eng. Chem. (1910) 2, 304. 

6 A. CG, Fieldner and A. E. Hall: Influence of Temperature on Determination of 
Volatile Matter in Coal. Eighth International Congress of Applied Chemistry 
(1912) 10, 139. 
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These subcommittees at once began active work and in 1913 the 
joint committee presented a preliminary report.’ With reference 
to the empirical nature of methods of coal analysis, Chairman Noyes 
made the following statement: 


It cannot be emphasized too strongly that in coal we have an extremely complex 
mixture of organic compounds, many of which are easily changed by oxidation and 
otherwise by exposure to the air, and containing water in such condition that a part 
of it is usually lost with the greatest ease, while the material after complete drying 
is excessively hygroscopic, probably even more so than calcium chloride. These 
actual conditions give rise to variations in analysis very far beyond those which most 
analysts, who have not studied the matter carefully, realize. 

In sampling and analyzing it is necessary to emphasize again the fact that coal is 
an extremely changeable substance, that all operations should be carried out as rapidly 
as possible, and that the analysis should be made as soon as practicable after the 
sample reaches the laboratory. 

Moisture.—It is probably impossible to secure an actually exact determination 
of the amount of moisture present in coals, especially in those of the subbituminous 
or lignite type, partly because some compounds in the coal decompose readily with 
loss of water, and partly because of the rather rapid oxidation of such coals when 
heated in the air. The determination of moisture is, therefore, to be considered as 
empirical rather than theoretical, and we should strive for conditions that should give 
concordant results, the agreement of different analysts being of more importance 
than a determination of the actual amount of moisture in the coal, since the calorific 
value of the ‘‘pure coal”? depends on the method of determining moisture in such a 
manner that it is unimportant whether some of the moisture is counted as moisture 
or as a part of the coal. 

Volatile Matter—The Hececudeeion of volatile matter is empirical even to a 
much greater extent than that of moisture, and here again the point that must be 
aimed at is to secure conditions which can be accurately reproduced by: different 
analysts. The most important change which seems necessary from the procedure 
recommended by the committee of the American Chemical Society in 1899 is the 
application of a gentle heat at first to those lignites which undergo a large mechanical 
loss if the full heat is applied at once. 


This preliminary report was somewhat further revised and presented 
as a final report to both societies in June, 1915. It was published as 
Proposed Tentative Methods for the Sampling and Analysis of Coal 
in the Year Book of the American Society for Testing Materials for 1915 
(Pages 596-624). The methods were finally adopted as standard 
methods of the American Chemical Society and the American Society 
for Testing Materials in 1916. They are practically the same as the 
methods of the U. 8. Bureau of Mines, described in Technical Paper 8, 
revised as of 1918. Since 1916 three committees of the American Society 
for Testing Materials (Committee on Sampling of Coal, Committee on 
Sampling and Analysis of Coke, and Committee on Laboratory Sampling 


TW. A. Noyes: Preliminary Report for Committee on Coal Analysis of American 


Society for Testing Materials and American Chemical Society. Jnl. Ind. & Eng. 
Chem. (1913) 5, 517. 
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and Analysis of Coal) have been combined into one committee, D-5, on 
Coal and Coke, which is a permanent.standing committee. From year to 
year additions and minor revisions of the standard methods are made. 
None of these changes have been radical, but all of them have been in 
the direction of more definitely standardizing conditions so that greater 
uniformity may be obtained in different laboratories. 

In Canada the methods of the Fuel Testing Station of the Department 
of Mines are most generally used, at least with respect to the published 
analyses which have largely emanated from that laboratory and the 
laboratory of the Department of Scientific and Industrial Research of 
Alberta, at Edmonton, Alberta. These methods are essentially the 
same as those of the American Society for Testing Materials. 

Until recent years none of the European countries have made any 
particular efforts towards standardization of methods of sampling and 
analyzing coal. During the last two years the Fuel Research Board in 
England has taken the initiative in standardizing British methods. 
There has been informal cooperation between the United States and 
England, and it is believed that eventually the English methods will 
be practically the same as ours. 


INFLUENCE OF VARIATIONS IN METHOD ON PUBLISHED 
ANALYTICAL RESULTS 


Most of the published coal analyses of the United States have been 
made by the U. 8. Bureau of Mines and its predecessors, the Technologic 
Branch and Fuel Testing Plant of the U. 8. Geological Survey. Likewise, 
most of the published Canadian analyses have been made by the Domin- 
ion Department of Mines, which followed essentially the same analytical 
methods as the governmental laboratories of the United States. Anal- 
yses of mine samples are best adapted for classifying coal. The govern- 
ment samples were collected with special precautions to prevent change 
of moisture content, by shipping the samples in air-tight containers to 
the laboratory; also, the Government Fuel Testing Plant, in beginning 
its work in 1904, worked out a method of weighing the samples immedi- 
ately upon removal from the containers, then air-drying them to bring 
the coal into approximate equilibrium as regards moisture with the air, 
Further precautions were taken to minimize moisture changes during 
sample preparation in the laboratory. Therefore the samples collected 
and analyzed by the U. 8. Government may be taken as representative 
of the moisture content of the coal in the mine, provided the samples 
are taken from a newly exposed face so that the coal is not oxidized or 
weathered. Outcrop samples are usually weathered and oxidized. 
In general, the various state geological surveys also followed the procedure 
of the government laboratory in the years following 1904. 
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Analyses published prior to 1904 are unlikely to represent the true 
moisture content of coal as it occurs in the mine; and even after 
this date, analyses from other sources than the national government 
or state surveys are not likely to be representative with respect to 
moisture. Very often such samples were shipped to the laboratories in 
bags, boxes or other containers which did not preserve the moisture in 
the coal. 

The other important modification of the American Chemical Society 
methods of 1899 was the standardization of the volatile-matter deter- 
mination at 950° C. in 1913. The influence on analytical results of these 
major as well as minor changes in method will now be discussed with 
reference to the published analyses of the U. 8. Geological Survey and the 
U. S. Bureau of Mines, since these analyses comprise the principal source 
of data for the classification of coals of the United States. 


Air-drying Loss 


The air-drying loss is not regarded as a significant or duplicatable 
determination in the work of the U. S. Geological Survey and U. 8. 
Bureau of Mines. The main purpose of the determination has always 
been to bring the sample into approximate equilibrium with the atmos- 
phere and to keep account of the moisture lost under the atmospheric 
conditions prevailing at the time of air-drying. With this method of 
air-drying in use there should be no appreciable change in moisture con- 
tent while preparing and analyzing the small laboratory sample. The 
published figures for air-drying loss are of little value in coal classification 
because atmospheric conditions during air-drying vary widely. In the 
early days of the St. Louis fuel-testing work in 1904, the samples were 
air-dried to constant weight by simple exposure to the laboratory air. 
Later, the time of drying was shortened by using a special air-drying 
oven in which the laboratory air, preheated to 30° to 35° C., was circulated 
over the coal. 

Examination of analyses of subbituminous coals and lignites made 
by the Bureau of Mines on samples from the same mine in different 
years shows widely different results in air-drying loss, although the total 
moisture as-received agrees fairly well. These differences are due to 
the fact that the humidity of.the air, the size of the coal, and especially 
the period of drying affect the air-drying loss. Actually the samples 
are seldom dried to full equilibrium with the air, and the deviation from 
equilibrium varies in samples analyzed at different times. In recent 
years the Canadian Department of Mines and the Scientific and Indus- 
trial Research Council of Alberta have air-dried at room temperature 
and 60 per cent. humidity. Their results should be fairly comparable 
and of some significance in the classification of coal. 
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een toi increase ne pale of f circulating dlink air Hieetek hie oven from 
0 times the oven volume in 1 hr., to 2 to 4 times the oven volume in 
n. This change was made in 1912. The slower rate was found to be 
n sufficient for maximum drying effect when analyzing high-moisture 
coals and lignite. The moistures reported in analyses of subbituminous 
als and lignites bearing laboratory numbers below 14,000 are probably 
from 0.5 to 2.0 per cent. low, as compared to analyses represented by 
_ serial numbers above 14,000; 7. e., 20 per cent. moisture might have been 
be! reported i in one case and 21 per cent. in the other. These differences are 

C ‘not important, since they apply only to the high-moisture coals. For 
practical purposes the total moisture results may be taken as comparable 
from 1904 to date. 


Ash 


‘3 The ash results also may be taken as comparable for the entire set of 
government analyses, although in the early years of the work thermo- 
couples were not kept in the muffles to insure a uniform temperature. 


Volatile Matter and Fixed Carbon 


: As explained earlier in this report, the method for determining 

- volatile matter was materially changed in the 1913 revision of the Amer- 

~ jean Chemical Society. The new revision was substantially the same as 
_ that introduced by the U. S. Bureau of Mines a few years earlier, as a 
a result of finding large discrepancies between results of the Pittsburgh and 
_ Washington laboratories. Unfortunately, a considerable number of 
analyses of West Virginia semibituminous coals were made before it was 
discovered that the natural-gas burners at the Pittsburgh laboratory gave 
low results on volatile matter and correspondingly high results for fixed 
- earbon. The following statement from pages 28 and 29 of U. S. Bureau 
of Mines Bulletin 22 explains these differences and gives corrections to be 


applied to make the results comparable: 


Volatile-matter determinations made in different laboratories may not agree 
closely, even though each laboratory conforms to the method recommended by the 
American Chemical Society. This method prescribes the size of the flame, but does 
not consider the variations in flame temperature resulting from differences in the com- 
position of the gas used and in the pressure at which it is supplied to the burner. 
Hence the volatile-matter, and consequently the fixed-carbon determinations pub- 
lished in this bulletin are not directly comparable throughout, because the work was 
done in three different laboratories, under four different sets of conditions. In making 
comparsions the determinations should be considered in four groups, as follows: 

Group 1, laboratory Nos. 1 to 5145, inclusive. These determinations were made in 
the St. Louis laboratory, where gasoline gas was used for fuel. 


aaa 2, eee bory 
made while the laborator: 
where natural gas was used as ; 
natural gas was supplied to the burners, but 
inches of water. rf 

Group 3, laboratory Nos. 7101 to 9120, j in 5 : 
made after the removal of the laboratory to it pel pe site, 
Streets, Pittsburgh, Pa., where natural gas has been used for el. 
of the determinations in this group, the low pressure of the gas. at th 
much trouble. The pressure fluctuated between 114 and 5 inches of water, 
varying with the demands of certain industrial establishments that were taking ¢ 
from the same main. pers 

Group 4, laboratory Nos. 9121 and over, were analyzed under the same con diti ons: 
as group 3, except that the pressure of the gas at the burners was kept at 10 to 14 
inches of water. With the use of the Tyrell burner and a polished platinum crucible 
a temperature of about 880° C. was maintained in the interior of the coke, at a point | a 
about 2 millimeters from the bottom of the crucible. 

Comparisons of the analyses of samples of coal from hee same mine show that the a’ 
volatile matter and the fixed carbon determinations of group 1 and group 4 me 
fairly closely; the variations are both plus and minus and as a rule within 1 per cent. 
The determinations of group 3, however, are distinctly lower in volatile matter and — 
higher in fixed carbon than are ‘hess of group 1 and of group 4. The differences are © 
about 3 per cent. for low-volatile semibituminous coals and anthracite, and decrease 
gradually, as the volatile matter in the coal increases, to about 1 per cent. for-bitu- 
minous coals. The volatile matter determinations made while the laboratory was 
in the Carnegie Technical Schools (group 2) fall about midway between the deter- 
minations at the St. Louis laboratory (group 1) and those made with natural gas 
under low pressure (group 3). 

The volatile matter of some lignite and subbituminous coal samples, designated — 
in the table of analysis by an asterisk (*), was determined by the modified official 
method, These samples were given a preliminary heating of 4 minutes over a small 
flame, and a final heating of 7 minutes over a flame 20 centimeters high. 


Sulfur 


All sulphur determinations were made by the Eschka method and 
are comparable in the Government analyses. 


Ultimate Analyses 


All ultimate analyses were made by essentially the same method 
throughout the period and should be comparable. 


Calorific Value 


All calorific-value determinations were made with the oxygen bomb 
calorimeter. Since the beginning of the work in 1904, the technique 
has been improved, and the work since 1913 has been more accurate 
because of better standardization, the use of thermostatically controlled 
calorimeters and other minor improvements. It is believed that the 
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“The prorat loraness or permissible nlafenees between two or 
more determinations made in different laboratories are given by the 
erican Society for Testing Materials oe 5. _T. M. Designation: D, 
—29), as shown i in Table 1. 


TABLE 1.—WN. RAL Tolerances between Determinations 


pel arn. Laboratory Samples, Crushed to Pass through an 840-Micron 
(No. 20) Sieve. . 


Moisture: . 
Wnderth per cen bers. tec tecc’ ceetd ako colchester heres hs 0.3 
COV GTEOUDELICM ban arte sa net nn setae ee wratie sce ten or 0.5 


B. On Laboratory Samples, Crushed to miss through a 250-Micron 
(No. 60) Sieve. 
1. Moisture: 


ad Ore OPC COMU iar) settee era Tusa doris. skis stcaa’ ueuide soay soa ore 0.3 
Over 5 per cent....... Bes peace soynes wis Mey cree isiay ef afchecst tals 0.5 
2. Ash: -. / 
INGROATDOMSVES*PLOSED tities j.'s < dels tte ccotbe es cute ee tas seh bs 0.3 
Carhondtes preset Wy. .G-adi Listes aaiveie fos edbouls ada OF 0.5 
{Coals with more than 12 per cent. of ash, containing car- 
bonate and pyritess. os .¢. 0.06.06 gees Sane mee vegor'l ai) 
3. Volatile Matter: 
IBiMimINOUS<COAISAtna nme es ss at vested Panes oe ae 0) 
Ligmnlean trey Ode 3). OWA, (eat. wag. veda obey: 2.0 
Cokes (high-temperature)......... pai x Betas Caley cis hae 0.4 
4, Sulfur: 
Gonlemalencs Per Cel ber, aire cne gy cuipshors = Sata shares. 0c, 0-8 teeny 0.10 
Coal, Over 2 per cent......: acd hg ids SO Ic eC rR eS 0.20 
OA Roiscan 8 Sadichp Beth aah Spon a ta cian ae ie a ei an ar 0.05 
5. Ultimate Analysis (Author’s estimate) 

: CATDOD ys. > ee tens Shree Urea tah tnt: aster Sistah Sale yey Ren 0.4 
: Ee EO et Nee et es be. atch he Sais bc a Nia Ad 5 =i 0.1 
4 INE ECC eee Sy bea nie CaS eR Se Ord 
a 6. Calorimetric Determination: 

Remmaissiblemdifierenceseaaranl casveeics «ay tue eh oss oes 0.5% 
: 7. Fusibility of Coal Ash: 
E Reniiisal lena ieteneniCes ka hois > slik eck abe ieecieiecre vet aehsrd 50° C. 


f These permissible differences apply when the A. S. T. M. method is 
followed in all particulars. If the analyst deviates from that method, 
the differences may be much larger. Also, the differences apply only 
when the various laboratories work on different portions of the same 
finely pulverized sample. Errors due to taking, reducing and preparing 
the laboratory sample are frequently larger because of moisture changes 


aera to estimate, sre the ae ve error “may 
per cent. 


‘RECOMMENDATIONS 


It is recommended that’ the standard mained of § 


med of years and represent the best efforts of the ergs oo oe 


of America. ; 
2. These methods are now used in practically all Americ 
laboratories. 


3. By far the largest amount of available analytical data resulting - 
from coal surveys, notably those of the U. 8. Geological Survey and the © 
U.S. Bureau of Mines, were obtained with the use of these methods. 

4, In using analyses of mine samples for the classification of coal on 
the basis of composition as the coal occurs in the bed, care must be — 
observed that these samples do not come from outcrops or near enough i oe 
to the surface to be weathered and oxidized. Samples cut from the a 
surfaces of old pillars are also likely to show deterioration. Samples a 
for classification are best taken from the freshly exposed face of the” 
coal bed. 
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Present Status of Ash Corrections in Coal Analysis* 


ae Le By A. C. Frepnert anv W. A. Setvic,t Wasurneron, D. C. 


(New York Meeting, February, 1930) 


ie For purposes of coal classification it is desirable to know the com- 
____ position and calorific value of the pure coal substance; that is, of the coal 
_ free from its ash-forming minerals. Two methods suggest themselves: 
(1) To free the coal from most of the ash-forming material previous to 
_ the analysis; and (2) to analyze the coal as received and calculate the 

analysis, with certain more or less arbitrary corrections, to the pure-coal 
basis. Calculation methods are obviously more apt to give correct 
_ results with low-ash than high-ash coals. With coals of unusually high 
ash it would appear preferable to remove, previous to the analysis, as 
_ much of the inorganic matter as possible, by float-and-sink or acid-treat- 
ing methods. 


EFrect oF IGNITION ON INORGANIC CONSTITUENTS OF COAL 


Ee) The need of corrections in calculating analysis to the pure-coal basis 
—- is due to the fact that the ash, as determined by ignition, is not the same, 
in either weight or composition, as the inorganic mineral matter in the 

coal. On ignition a number of changes occur in the coal such as loss of 
_ water of hydration of the shaly material, conversion of pyrite (FeS2) to 
: ferric oxide (Fe2O3) with evolution of the sulfur as sulfur dioxide or possible 
fixation of more or less of the sulfur in the ash as calcium sulfate (CaSO,), 
and decomposition of calcite (CaCO;) to calcium oxide (CaO). The 
amount of sulfur from pyrite which remains in the ash as calcium sulfate 
depends on the amount of calcite and pyrite in the coal. Certain coals 

: high in both calcite and pyrite show relatively large amounts of sulfate 
TZ sulfur in the coal ash. The determination of total carbon and hydrogen 
in coal includes, besides the organic carbon and hydrogen, the carbon 

of inorganic carbonates such as calcite, and the hydrogen of the water of 
composition of some of the ash-forming minerals. For detailed discus- 

sion of corrections proposed for calculations of coal analyses to the ‘‘pure”’ 


* Published by permission of the Director, U. 8. Bureau of Mines. 
+ Chief Chemist, U. S. Bureau of Mines, and Chairman of Sectional Committee 
on Classification of Coal of American Standards Association. 
t Associate Chemist, Pittsburgh Experiment Station, U. 8. Bureau of Mines. 
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ree ae foe inet or Cae Tana wh 
or through natural causes may have become associated wi 
bustible organic substance of the coal. He proposes 1 
formula for estimating the non-coal substance: 
Non-coal = M + A + 5¢S + 0.08(A — Ser 

in which M is moisture, maa 

A is ash as weighed, and 
Sis sulfur. pat 
5¢8 restores the Fe.03 as weighed in the nal! to o FeS, as weit shed 
§ in the coal, 3 oxygens or 48 in the ash having been originally 4 
sulfurs or 128 in the coal. 
10¢8 represents the equivalent of Fe,O; as weighed in ‘a 
ash; that is, the Fe,O; molecule, 160, is 19g of the sulfur 
present in the coal. 
(A — 1%) is the ash as weighed minus the Fe,03. 
0.08 is a constant applied to the iron-free ash to restore the water 
of hydration to the earthy matter less iron pyrites, thus repre- 
senting the true amount of shaly constituent as weighed in the — 
original coal. 


x 

To simplify calculation as well as to promote accuracy by compeneeee a 

ing for the sulfur not in the pyritic form, Parr changes the fraction 

2140S to 2240S, or 0.558. Unit coal and unit-coal British thermal 
units are expressed by the following formulas: 


Unit coal = 1.00 — (M + 1.08A + 2248). {2] 
‘ % indicated B.t.u. — 5000S ; 
Unit-coal B.t. = 5 Gos. (ie 1 0ed ee BLS 
The expression 5000S represents the heat derived from burning the 
sulfur to SO, and the iron to Fe.O3, and is 247 less than the actual heat — 
of combustion of pyrite to partly compensate for the fact that some of the 
sulfur is in the organic form. 
Tideswell and Wheeler assign a value of 10 per cent. for combined- 
water content of the mineral matter, as compared to Parr’s 8 per cent. 


+S. W. Parr and W. F. Wheeler: Unit Coal and the Composition of Coal Ash. 
Univ. Ill. Eng. Exp. Sta. Bull. 37 (1909). 


2¥. V. Tideswell and R. V. Wheeler: Pure Coal as a Basis for Classification. 
Trans. A. I. M. EB. (1928) 76, 200. 


°S. W. Parr: The Classification of Coal. Univ. Ill. Eng. Exp. Sta. Bull. 180 (1928), 


reerer FIELDNER AND W. A. SELVIG 


: “4 “They recommend the following formula for calculating the total i inorganic 
material from a dry-coal analysis: 


Total inorganic material = 1.1(A — 1.25S8,,,) + 1.875S,,, 
=11A+0.5S8,,. [4] 
The pure coal then becomes 100 — (1.14 + 0.5S,,,) [5] 


Tideswell and Wheeler list a number of analyses giving sulfur forms 

of different coals and suggest that as the organic sulfur values range 

_ around 1 per cent., one might well assume that the pyritic sulfur amounts 
— to the total tied less L-per cent., or S...= Sia — 1. 

They studied the effects of didine dobuite amounts of shale, pyrites, 
and calcium carbonate to coals of very low ash content and calculating 
the analyses to the usual ash-free basis and to the mineral-matter-free 
basis as expressed by.their formula. It was found that elimination of 

s carbon dioxide from calcite occurred only partially in the determination 
_ sof ash and in the determination of total carbon. Another difficulty 
g presented with coals having considerable calcite and pyrite was the fixa- _ 
a tion of varying amounts of sulfur in the ash as calcium sulfate. They 
| therefore recommend the removal of calcium carbonate, previous to 
analysis, by a float-and-sink separation. Most coals, however, are 
j practically free from carbonate and need not be treated. Tideswell and 
Wheeler conclude that when analyses of coal are required for purposes of 
classification, on the basis of ultimate analysis, the coals should be given 
a preliminary treatment before analysis, so as to reduce the ash to a 
reasonably low value (not exceeding, if possible, 4 to 5 percent.). They 
suggest doing this by careful selection of the sample or by float-and-sink 
separation. This preliminary treatment gets rid not only of carbonate 
but also of much of the shaly and the coarser pyritic ingredients. As 
methods of correction are only approximately correct, it is obvious that 
a reduction of the ash-forming minerals previous to the analysis will 
lessen errors involved in calculation. 

Parr‘ has proposed special corrections for coals containing a good 
deal of carbonate, as for instance over 0.3 per cent. CO». The ash 
determination is made at a temperature higher than usual so as to drive off 
all the CO. ‘This is accomplished by blasting in a platinum crucible to 
constant weight and correcting the ash thus determined by adding the 
weight of COz as obtained by an acid evolution method. As this high 
ignition temperature drives off any chlorine present, the amount of 
chlorine in the coal is also determined and added to the weight of ash. 
Parr’s formula for coal containing carbonates and chlorine is as follows: 


Unit coal (calculated from dry-coal analysis) = 1.00 — [(Ash at high 
temp. + COz + Cl)1.08 + 32S] [6] 


49, W. Parr: Univ. of Ill. Bull. 37 (1909) 25. 
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Goeceuen of aah of one c 
bonates and pyrite. On ignition of such coals, a 

of the pyrite is retained in the ash by Gxation® as ASO. 
of the coal. The sample is ashed in the usual | way at nice 


drops of eulrarte acid (1: 1) nnd after rane is ‘nedtea. ae a te 
of 750° C. for 3 to 5 min., cooled, and weighed. All the calciu 
nally present in the coal as carbonate and partly changed » 
i. oxide and calcium sulfate during the first ignition is now pr 
2 calcium sulfate. The weight of this ash is corrected, for the calcium 
sulfate thus formed, by subtracting from the ash as weighed three times 

a the weight of carbon present as carbonate in the unburned coal, in orde ~ 
: to restore the weight of the calcium sulfate formed to its equivalen 0! 
calcium carbonate. Further corrections may be applied to ace 
for the loss of weight due to the oxidation of pyrite to ferric oxide and for — 
loss of water of hydration of the shaly material. Fieldner® sugested 
combining these corrections in the fan formula: 


ef 


> 


Corrected ash = ash,, — 3C, + ae Sa 0.08 | ashe — ce +18) 7" y 


which simplifies to 


Corrected ash = 1.08 ash, — 218 


75 Fo t ae 40 BESS 
(Note: If one-half of sulfur is assumed to be pyrite, the formula becomes 


Corrected ash = 1.08 ash, — ate un $8. [9] Es 


where ash,, = percentage of ash as weighed after ignition at 750° C. with 
the addition of sulfuric acid 
C', = percentage of carbon occurring as carbonate in the 
unburned coal 
S = percentage of pyritic sulfur in the unburned coal = 


Parr’ has shown also that it is possible to so ash a coal containing _ 
both pyrite and calcite as to drive off the sulfur from the pyrite at a i 
temperature low enough not to fix the sulphur in the ash as calcium 
sulphate. This is done by first ashing at a temperature between 500 
and 600° C. At this low temperature the carbon and pyritic sulphur 
are burned off leaving, however, the CaCO; practically undis- 


58. W. Parr: Chemical Study of Illinois Coals, Univ. of Ill. Coal Mining Investi- 
gations, Bull. 3 (1916). 


° A. C. Fieldner: Notes on the Sampling and Analysis of Coal. Tech. P 
U. S. Bureau of Mines (1914). a ee 


"S$. W. Parr: Univ. of Ill. Bull. 37 (1909) 25. 
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a After this ee ashing for 3 to 4 hr., the ash is finally ‘ 


ced in a hot muffle and ashed at a temperature of 800° to 850° C. to | 
decompose the CaGO3. According to Parr, this method gave good 


results but required considerable time and care. 


a 
+ 


VERIFYING FoRMULAS WITH FLOAT-AND-SINK SEPARATIONS 


. One method of verifying formulas for ash corrections is to take a 
high-ash coal and subject it to a float-and-sink separation so that the 


float coal will be very low in ash and the sink coal very high in ash. 

_ If it can be assumed that the pure coal substance of the float and of the 

_ sink portions are identical, one could verify the accuracy of the empirical 

_ formula by comparisons of the calorific values of the pure coal of the 
_ two portions. It may be questionable, however, to assume that the 


pure coal of the float portion and that of the sink portion are identical. 


Parr justifies his formula for calculating pure coal by this method. He 


compares results obtained with 11 different coals? and finds excellent 
agreement between the calculated British thermal units of the pure coal 
of the float and of the sink penvions, the differences ranging from 1 
to 66 B.t.u. 

The writers had occasion to treat a number of coals by the float- — 
and-sink method and to analyze the float-and-sink portions. A com- 
parison of the calorific value of the pure coal of the float and of the sink 
portions was made by the usual moisture-and-ash-free calculation and 
also by Parr’s formula. The results are shown in Table 1. In general 
Parr’s formula gave much more concordant results than the results as 
calculated on the usual moisture-and-ash-free basis, although not as 
concordant as those published by him; the differences ranged from 40 
to 500 B.t.u. and averaged 175 B.t.u. by the Parr formula, as compared 
to a range of 100 to 1050 B.t.u. and an average of 579 B.t.u. by moisture- 
and-ash-free computation. 


: B.t.u. . 
In using the formula Cie eee Table 1 shows that the calculated 


B.t.u. of the pure coal of the sink portions is in every case lower than 


- that of the float portions. This is due to the fact that the weight of 


ash is lower than the true mineral content of the coal, making the 
denominator of the formula too large. In the case of Parr’s formula, 
corrections are applied to the ash and the values for the sink portions 
more nearly agree with those for the float portions, though in some 
cases, as in the sink portions of coals G and 8, the ash is apparently 
much over-corrected. 


88. W. Parr: The Classification of Coal. Univ. of Ill. Eng. Expt. Sta. Bull. 
180 (1928). 
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Coal | 
_ Desig- 
~ nation 
a 


State 


f 


Pennsylvania 


| Maryland 
Penneylyaets 
| Pennsylvania 
Pennsylvania 
Ohio 

Illinois 
Pennsylvania 
Pennsylvania 


West Virginia 


| West Virginia 


Ohio 

West Virginia 
Pennsylvania 
Illinois 
Pennsylvania 
Pennsylvania 
Pennsylvania 
Pennsylvania 
Pennsylvania 


Illinois 


Somerset 
| Allegany 


; Clearfield 


Somerset 


Cambria 


Meigs 
Williamson 
Westmore- 


lan 


Westmore- 
an 


(New River 
coal 


(Pocahon- 
tas coal) 


Jefferson 

Raleigh 

Mercer 

Williamson 

Westmore- 
land 


Allegheny 


Westmore- 
land 


Somerset 
Somerset 


(Mixture 
from 7 
mines) 


Float 
‘Sink 


Float 
Sink | 


Float 
Sink 
Float 
Sink 


Float 
Sink 


Float 
Sink | 


Float 
Sink 


Float 
Sink 
Float 
Sink 


Float 
Sink 
Float 
Sink 
Float 
Sink 
Float 
Sink 
Float 
Sink 
Float 
Sink 
Float 
Sink 
Float 
Sink 
Float 
Sink 


Float 
Sink 


| 4.3) 0. 
| 16.0) 
Float 
Sink | 


NR ca HE ww WO NH WHO NOS AN HO WM ON GY WO 


6} 14,930 | 


2| 15,220 f 
11,960 | 


15,360 | 
11,370} 


13,890 
8,900 


14,040 
9,270 


14,740 
10,410 


14,630 
11,330 


15,410 
11,800 


15,450 
12,160 


14,360 
10,740 


15,500 
11,590 


15,190 
10,700 


13,930 
10,460 


14,740 
9,280 


14,620 
9,830 


14,750 
11,290 


15,270 
10,700 


15,240 
11,400 


14,140 
9,740 


Average difference 579 


——— 


86) 14,930| 15,600 
8| 13,020 | 15,500 
"| 15,330 | 15,790. 
| 10,540 | 14,390 — 
45,7701 


15,240 
15,750 


15,160 _— 


14,470 
13,880 


14,580 
14,170 


15,350 
14,720 


15,290 
14,750 


15,720 


15,130 | 


15,780 
15,370 


15,020 
14,450 


15,820 
15,250 


15,740 
15,010 


14,590 
14,290 


15,350 
14,450 


15,200 
14,670 


15,300 
14/950 


15,790 
14,740 


15,790 
15,000 


14,810 
14,520 


— 290 


— 40 


15,390 

15,280 —110 
15,780 bine 
15,570 —210 
15830. 
15,740 -—90- 1 | 
15,130 

15,100 —30 
15,870 

15,720 —150 
15,820 
15,650 —170 
14,700 

141870 +170 
15,450 

15,370 —80 


15,280 
15,430 +150 


15,380 
15,410 +30 
15,850 
15,500 —350 
15,860 
15,630 —230 


14,950 
15,360 +410 
175 


ive 
F 
a: 
» 
a 
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iM 


eae a. ited ie or aR if “che aha the unaastiod ante 
apace penaen the ee aay sign) miberente es the moisture- 


_ Thermat Units for Unwashed and Washed Coal 


os Conditi f | M -and- | s ce ’ 
Sample No.. Co ion 9 Moereed Dilersnon’ laa Difference 
Mil | Unwashed _ 15,050 2 15,500 
M211 Washed 15,260 ane 15,590 ae 
M5 Unwashed 14,730 14,900 
M205 Washed 14,930 ges 15,060 sie 
M6 - Unwashed 14,660 14,890 
M206 Washed 14,800 bisa 14,950 as 
M9 Unwashed 14,000 — 14,430 
M209 | Washed 14,160 Vig 14,510 Tete 
oe M7 Unwashed 14,030 14,420 
é M207 Washed 14,180 ae 14,510 £98 
a M10 Unwashed 14,240 14,730 
a : M210 Washed 14,210 a 14,500 = 
; M4 Unwashed 14,530 14,830 " : 
‘ M204 Washed 14,590 = Ae toe BEE WETS za 
Be : M1 Unwashed 14,750 15,020 
e ~~ M201 Washed 14,880 ae 15,100 480 
es 
’ s M3 Unwashed 15,160 15,470 
Z S M203 Washed 15,280 cate 15,490 20 
a 
4 
M14 Unwashed 13,580 13,880 
’ M214 - Washed 13,690 eae 13,900 ee 
: 2 - — 
ee M15 Unwashed 13,790 14,250 
, 0 
M215 Washed 14,090 so08 14,470 ae 
M36 — Unwashed 14,740 — 20 14,890 — 90 
M236 Washed 14,720 14,800 
M37 Unwashed 14,780 wr 15,010 pints 
M237 Washed 14,740 14,880 
M13 "Unwashed 14,840 | 15,030 
, 00 
M213 Washed 15,010 wire 15,130 ged 
Average (neglecting algebraic sign) 130 110 


ee 
9 Private communication from J. H. H. Nicolls, chemist. 
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Corrections FoR ORGANIC AND PyritTIc SULFUR 


As previously mentioned, Tideswell and Wheeler propose the asst im np- 
tion that the pyritic sulfur amounts to the total sulfur less 1 per ce 
7 In Table 3 are given sulfur forms as determined by the writers on 
number of coals. The organic sulfur ranged from 0.48 to 1. 85 per 
; the average for all the coals being 0.83 per cent. It is interesting to 

note that from 40 to 60 per cent. of the sulfur is present in the organic ; 
form in the majority of the coals. The average proportion of organic 
sulfur in the coals containing 1 per cent. or less of sulfur was 75 per cent., 
and in coals containing more than 1 per cent. sulfur was 45 per cent. 


TaBLe 3.—Sulfur Forms of Various Coals, Percentage of Moisture-free Coal 


Sulfur ; mre 
Coal | State Count Py- gee Ratio Organic ps <P 
Designation y Hike, rs eanins Seg. 8, faye Per 
er Per Per Gant: 
Cent. | Cent. | Cent. 

A Pennsylvania | Somerset 0.19 | 0.02 | 0.57 | 0.78 73 

*B Maryland Allegany 0.18 | 0.01 | 0.67 | 0.86 78 

Cc Pennsylvania | Clearfield 1.12 ; 0.03 | 0.75 ; 1.90 39 

D Pennsylvania | Somerset 1.43 | 0.03 | 0.54 | 2.00 27 % 
E Pennsylvania | Cambria 0.56 | 0.01 | 0.65 | 1.22 53 

F Ohio Meigs 1.61 | 0.04 | 0.86 | 2.51 34 ~ 

G Illinois Williamson 2.17 | 0.04 | 1.80 | 4.01 45, 

H Pennsylvania | Westmoreland 0.73 | 0.05 | 0.74 | 1.52 49 
HW Pennsylvania | Westmoreland 0.64 | 0.05 | 0.94 | 1.63 58 a 

I West Virginia | (New River coal) 0.39 | 0.03 | 0.57 | 0.99 58 i 
J West Virginia | (Pocahontas coal) 0.06 | 0.01 | 0.52 | 0.59 88 

K Ohio Jefferson 2205} OF07 Viet OR oee8 44 

L West Virginia | Raleigh 0.22 | 0.01 | 0.58 | 0.81 72 

M Pennsylvania | Mercer 0.59 | 0.04 | 0.77 | 1.40 55 

N Tlinois Williamson 0.87 | 0.03 | 1.26 | 2.16 58 

Oo Pennsylvania | Westmoreland 0.90 | 0.01 | 0.89 | 1.80 49 

P Pennsylvania | Allegheny 0.61 | 0.00 ' 0.80 | 1,41 57 

Q Pennsylvania | Westmoreland 0.11 | 0.01 | 0.70 | 0.82 85 

R Pennsylvania | Somerset 1.42 | 0.03 | 0.48 | 1.93 25 
RW Pennsylvania | Somerset 1.02),).0.02 ||.0.43 | 2.47 29 

8 Tllinois (Mixture from 7 mines) | 1.76 | 0.06 | 1.85 | 3.67 50 

ee ee Se eee 


For all the coals in Table 3 the average proportion of organic sulfur 
was 0.54 per cent. The writers therefore believe that a correction 


her Parr’ 's assumption of nearly 100 percent. 
ulfur or Tideswell and Wheeler’s assumption of 1 Mi cent. <a 
nic sulfur in all coals. : 
mn the basis of one-half pyritic sulfur and one-half organic sulfur, 


_ Parr’s formula for unit coal would be modified as follows: 
oe Parr’s formula assuming that all sulfur is pyritic is: 
g Non-coal = M + A + 548 + 0.08(A — 198) [10] 
- Modification for one-half sulfur to be pyritic: | 
Non-coal = M + A + 54-148 + 1468S + 0.08(A — 19£-148) 


se : Simplifying: 


os Norcoat -M+1.08A ue, 61éoS8 
ie 3 unis can be rounded off to 348: 
SENS M+ 1.08 A + 3S 


and . | 
—— Unit-coal = 1.00 — (M + 1.08 A + 348) eeeeq tT] 
_ Likewise, the numerator of Parr’s formula for unit-coal B.t.u. should — . 


be modified by subtracting from the indicated B.t.u. the sum of one-half 

the heat of combustion’ of 1 g. of sulfur as pyrite, burning to SO, 

and Fe20; (5247 B.t.u.), and one-half the heat of combustion of 1 g. 
of sulfur in the free condition! busing to SO, (4050 B.t.u.), asin the 


following: 
oa : _ Indicated Btw = (Ofte 208 4 
jf Unit-coal B.t.u. = 1.00 — (M + 1.08A + 348) . 
E which simplifies to 
Bass icated B.t.u. — 4650S 
ee Unit-coal B.t.u. = mea ae Pin + 348) te 
ae. CoRRECTION FOR WATER OF CONSTITUTION 
_— Parr proposes a factor of 1.08 to be applied to the ash as determined 


to correct for loss of water of constitution of the ash-forming minerals. 
‘This factor also was intended to include slight additional losses during 
~ ashing. Tideswell and Wheeler analyzed a roof shale and found 91 
per cent. ash and 9 per cent. combined water. Stansfield and Sutherland 
also recommend 1.1 as the factor for ash correction. They found this 
factor to vary from 1.05 to 1.20 for Alberta coals.’ This value for 


10 —. E. Somermeier: Sulphur in Coal. Jnl. Amer. Chem. Soc., (1904) 26, 566. 
119, W. Parr and W. F. Wheeler: Unit Coal and the Ceasonien of Coal Ash, 


Univ. of Ill. Bull. 37 (1909) 11. 
12%. Stansfield and J. W. Sutherland: The Classification of Canadian Coals. 


Canadian Mining & Metallurgical Bull. (1929) No. 210, 1158. 
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Sweetwater........--- 


«Sample collected and analyzed by Alden H. Emery and R. DeChicchis. 
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for Com- |,: 
| bined Water ae pk 

6.4 1.076 1.078 
4.4 1.050 Tse « 
5.6 1.063 1.073 
5.8 1.066 1.077 
5.4 1.060 1.072 
6.8 1.078 1.100 
7.2 1.083 1.107 
6.2 1.070 ~ 1.087 
5.7 1.065 1.080 
6.2 1.068 1.068 
5.3 1.057 1.057 
4.8 1.055 1.107 
4.5 1.050 1.056 
5.1 1.057. 1.070 
4.9 1.055 1.064 
5.2 1.058 1.075 
5.5 1.062 1.084 
4.8 1.052 1.068 
7.4 1.084 1.084 
7.0 1.076 1.077 
5.1 1.056 1.058 
6.1 1.067 1.068 
6.0 1.067 1.068 
6.6 1.078 1.079 
5.8 1.068 1.070 
6.5 1.073 1.089 
5.0 1.056 1.075 
7.2 1.086 1.088 3 
2.9 1.036 .089 
3.8 1.052 1.115 
6.1 1.068 1.068 
5.8 1.067 1.067 
6.4 1.077 1.077 
6.1 1.069 1.070 
4.6 1.051 1.065 
5.7 1.063 1.065 
4.6 1.051 1.079 
ous 1.030 1.058 
3.0 1.033 1.063 
4.3 1.046 1.055 
4.1 1.044 1.062 
4.0 1.043 1.056 
4.9 1.058 1.097 
4.4 1.048 1.076 
4.3 1.047 1.063 
3.8 1.042 1.091 
4.2 1.045 1.052 
2.9 1.032 1.055 
3.1 1.034 1.057 
3.3 1.036 1.058 
3.4 1.038 1.077 
4.9 1.055 1.055 
3.6 1.040 1.104 
4.8 1.053 1.068 


aaa saaleeae Seance combine 
associated with various coals of the Unite S) 
shown in Table 4. It will be noted that the metiae com 
of the 104 shales listed in the table is 4.8 per cent. The last two col 
give the factors for correcting the ash for combined. water, and for « 
bined water plus COs, respectively. The average factor of 1 
appreciably less than the 1.08 factor proposed by Parr and the 1.10 
factor proposed by Tideswell and Wheeler. To correct for combined — 
water plus carbon dioxide the table shows that the ash would be multi =A 
plied by 1.07; however, this would give erroneous results in case of coals ‘t 
having considerable calcite. With such coals it would appear best to 
determine the CO: directly and add the CO, content to the ash as deter- 
mined after correcting for the combined water. These corrections, 
of course, are based on the assumption that the mineral ash-forming 23 
constituents of coal are practically the same as those found in shale — : 
associated with the coal. From Selvig’s data, Parr’s factor of 1.08 is ; 
preferable to the 1.10 suggested by Tideswell and Wheeler. However, 
14 out of the 21 coals listed in Table 1 would show less deviation if =z 
1.1 factor were used in place of 1.08, and 1.1 lends itself better to w3 
easy computation. 3) 


-. 


CoRRECTION FOR ULTIMATE ANALYSIS 


The presence of pyrite, carbonates, and water of constitution of — * 
clays and shale also seriously affects the ultimate analysis of impure © 
coal for the purpose of classification. Tideswell and Wheeler! conducted ne 
some experiments in which known quantities of pyrite and of calcium 
carbonate were added to low-ash coal, the mixture was then subjected 
to ultimate analysis, and the results were computed to both ash-free 
and mineral-matter-free bases. They found that correction for pyritic 
sulfur gave distinctly better agreement than was obtained by diene ea oe: 
pyrite as is done in the simple ash-free correction. + 

Correction for carbonate was more complicated and did not give . 
good agreement, the reason being that even with the most careful com- 
bustion analysis the elimination of carbon dioxide was incomplete when 
tried on synthetic mixtures of coal and carbonate. For this reason they 
favor removal of as much of the mineral matter as possible by float-and- 
sink or other mechanical separation and then correcting for the residual 
mineral matter as follows: 


SK sss 


13.W. A. Selvig: Chemical Analysis of Rock-dusting Materials. 
Bull. 21, Min. & Met. Investigations, Carnegie Institute of Technology. 
4 FF, V. Tideswell and R. V. Wheeler: Loc. cit., 207-210. 


A chapter of 


. in ‘shale, per ‘cent. on shee ash. 


a eg ‘Total i inorganic material = re + i i (A — 1. gen ae S758 


ah a : : 


If the combined water associated with the shale ash is assumed to 

es 10 per cent., the total inorganic material = 1.1(A — 1.258,,,) + _ 
> 1.875 =11A+ 0. 5S,,,;, The pure coal is then given by 100 — (1.14 
+ 0.5S,,,). 
The carbon values may be corrected directly to this basis, as also 
may be, if desired, the nitrogen and organic sulphur. Tiedraren needs 
+ eae preliminary correction for water of hydration of shale (assumed to 
____ be 10 per cent. on shale ash). 


1 
Water = ing — (A — 1.25S,,,) = 104 — 1.25S,,.). 


_ 100(h — lo shale ash) 100[/h — %o(A — 1.255,,,)] 


i010) = Ghalé & pyrites) °° =100 — (1.14 + 0.55...) 
ce | _ __100€ (or N or 8...) dy 100 (or N or S,,,) 
No aS ~ ‘ = 
8, (organie) 100 — (shale + pyrites) - 100 — (1.1A + 0.5S,,,) 
“a : Oo = 100 — (Cy 4+ Hy + No + So). 


In practice, analyses are now generally made on undried samples. 
- The further correction for moisture content should be added to 
the formulas. 
-In the correction formula above it is assumed by Tideswell and 
Wheeler that the calcium carbonate remains undecomposed. They 
found that if they assumed all the calcium carbonate to be decomposed 
in analysis the errors were larger than when they assumed it to remain 
undecomposed. Evidently more research needs to be done on a study 
of the decomposition of calcium carbonate in coal mixtures, during 
- ultimate analysis, before any degree of certainty is attached to these 
corrected values. 


‘, CONCLUSIONS 


‘It is accepted generally that coal analyses and calorific values should 
be computed to a ‘‘pure-coal” or ‘‘unit-coal”’ basis for use in classifying 
coal for some purposes. Computation to a “‘moisture-and-ash-free” 
basis is the simplest procedure and is in most common use. The large 
number of published analyses of the United States and Canadian Govern- 
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ments are on this basis. This method is  icsineatiy 
differences in weight of the inorganic mineral matter in th 
resulting ash, but for ordinary variations in ash, say from 5. 
cent., the cesuleing divergences probably are not of sufficient magni oa 
to materially affect the classification of a coal. Nevertheless, as Parr 
and others have shown, corrections for pyritic sulfur and for water of | 
constitution of shaly matter do give better agreement in unit-coal alata 
than the pure-coal values based on uncorrected ash, especially in com- 
paring the high-ash and low-ash fractions of the same sample of coal. = 
The authors, therefore, have collected further experimental data onthe 
subject from which the following conclusions are drawn: ae 

1. Comparison of moisture-and-ash-free and unit-coal B.t.u. of the 
float-coal and sink-coal fractions, from float-and-sink tests of 21 different 
coals, showed an average difference of 579 B.t.u. by the moisture-and- 
ash-free formula and 175 B.t.u. by the Parr formula. The float-coal 
ash ranged from 2.0 to 4.5 per cent., and the sink-coal ash ranged from 
16 to 35.9 per cent. (U. 8. Bureau of Mines tests). 

2. Comparison of moisture-and-ash-free and -unit-coal B.t.u. of 
washed and unwashed portions from 14 different coals showed an average 
difference of 130 B.t.u. by the moisture-and-ash-free formula and 110 
B.t.u. by the Parr formula. In these samples the differences of ash were 
in the usual commercial range (Canadian Bureau of. Mines tests). 

3. Examination of 21 different coals ranging in total sulfur from 
0.59 to 4.01 per cent. showed that from 30 to 70 per cent. of the total 
sulfur was present as organic sulfur, the average per cent. being 54. 

4. The Parr formula may be improved by assuming only one-half 
the sulfur to be present as pyrite, instead of all the sulfur. 

5. Analysis of 104 samples of shales associated with coal beds in 
various parts of the United States showed combined water varying from 
2.7 to 7.4 per cent. The average was 4.8. Carbon dioxide content of 
the same shales averaged 1.02 per cent. The average factor to apply-to 
the ash of these shales to correct them for water of hydration and the 
carbon dioxide is 1.07. This is less than Parr’s 1.08; however, other __ 
volatile constituents such as chlorides will probably raise the factor to 
1.08, and further investigation may show 1.10 to be preferable. 

6. It is suggested that Parr’s formula be modified to read as follows: 


Indicated B.t.u. — 4650S 
Unit- ae 
a eee 1.00 — (M+ 1.084 + 348) 


This modification assumes one-half the sulfur to be present as pyrite 
and one-half as organic sulfur. 


. 7. It is a question whether any classification can be devised which 
will draw such fine distinctions as to require a corrected ash value. It 
must be kept in mind that although the corrected ash values by the Parr 


DISCUSSION 


rmula give mare aemien values when averaging a group of samples, 

. yet the identical samples often deviate considerably, due to the variation 
of water of composition of inorganic constituents from 4 to 14 per cent., 

to varying amounts of carbonate and chlorides, and to fixing more or 
less sulfur by the interaction of pyrite and calcium carbonate. The 

“ a _ average difference of unit-coal B.t.u. by the Parr formula in Table 
lis 175, but five samples in 21 vary more than 200 B.t.u. between the 

float coal and sink coal. 


oe et sCURSION 


G. H. Capy, Urbana, Ill. (written discussion*).—It is of interest to compare the 
i> — results sohanet by the Parr formula with those obtained by using the modification 
__ of the Parr formula as proposed by Fieldner and Selvig in paragraph 6 of their con- 
clusions when applied to Illinois coals. 
The Illinois State Geological Survey has for many years presented the unit coal 
3 B.t.u. values in connection with all publication of analyses. A sufficient number of 
Z analyses have been made of the most important coal in many of the counties and all 
Pa the counties in which mines are numerous, so that a rough standard unit coal value has 
4 been obtained for the coal in many local areas. Variations from this standard value 
x of more than 100 units are regarded askance, and so far as our own laboratory is 
a concerned, that is the Testing Laboratory of the University of Illinois, conducted by 
J. M. Lindgren, departures of more than 100 B.t.u. from the standard value require 
substantiation by repetition of the B.t.u. determinations before they are accepted. 
In fact, the average variation for many hundreds of analyses runs about 63 per cent. 
: Since the proposal of the modification of the Parr formula by the authors all 
analyses of Illinois coals in our files, totaling more than1000, have been recalculated 


“! in accordance with the modified formula and a comparative study has been made 
of the unit coal values as determined by each formula. The results will be briefly 
summarized. 


Twenty-three county average unit coal values were studied (Table 5), each being 
based on an average of at least two analyses of samples collected in at least each of 
two mines. In some instances as many as 18 mines are represented. Examination 
of the variations from the average, irrespective of sign, shows that for the 23 counties 
the average variation of the individual mine averages from the county average 
by the Parr formula is 63.07 for the authors’ formula 68.9. The smallest variation by 
the Parr formula is 16.8 units and for the authors’ formula 7.8, the same county being 
smallest in both cases. The largest variation for the Parr formula is 117.4 units, the 
authors’ formula giving an average departure of 141.8 units for the same county. 
Out of the 23 counties the Parr formula gives a smaller average variation than the 
Fieldner formula in 17 instances, the authors’ formula being smaller in the remaining 
six. The range of variation above and below the county ayerage for the Parr formula 
shows a maximum of 514 units; for the authors’ 661 units, being the same county. 
The Parr formula gives five counties having a variation of mine averages of more 
than 300 units, whereas the authors’ formula shows nine such counties. From the 
standpoint of county and mine averages it is quite apparent the advantage is with the 
Parr formula, 

In the case of actual analyses and county averages the same general relationships 
obtain between the results gained by application of the two formulas. We have 18 
analyses of No. 6 coal from Christian County. The variation from the county 


* Published by permission of the Chief of the Illinois State Geological Survey. 
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96.2 ici oe “ths a enn and 109.9 using the cuiboral formula. 
Thirty-four analyses of No. 6 coal in Macoupin County showed an average varia- 
- _ tion from the county B.t.u. average by the Parr formula of 71.8 units and by the 
__ authors’ formula of 80.7 units. Eleven mines are represented and of the mine aver- 
< ages only one calculation by the authors’ formula is a lower variation from the county 


- “These counties were selected at random and the results rored as determined. 
po There may be counties which show the authors’ formula to better advantage but if so 
re: our calculations did not discover them. 

It appears to the writer that coals of the type of the Illinois coal with their char- 
acteristic high sulfur content afford the best possible test of the usefulness of formulas 
designed to accomplish correction in the ash value. Of proposed formulas to accom- 
* plish this correction the one that gives the most satisfactory results when applied 
to the analyses of these coals should be adopted or retained as the case may be in 

_ preference to others. The fact that the results obtained by the use of the authors’ 

- formula are less satisfactory than the results obtained by the use of the Parr formula 

a seems to the writer to make advisable the retention of the Parr formula at least until 

= another which is more satisfactory is developed. 

a = A further question arises in regard to the formula proposed by the authors to 

a , _ express pure coal substance. Since the desire is to eliminate only the noncoal material 

it does not appear logical to eliminate the sulfur which is organic and hence actually 

ji part of the coal. Therefore, the noncoal material should be represented by the 
expression M + 1.08A + 0.25S. The complete formula would then be 1+ 

tag ‘ Indicated B.t.u. — 5247 x 4S 

Unit Coal Btu = "750 — (Mf + 1,084.4: 0.258) 


A. C. Freupner and W. A. Setvia.—The data which Dr. Cady has presented in his 


wf discussion of our paper are of the greatest importance in arriving at a decision on the 
: most suitable formula for correcting ash back to the original mineral matter in the 
be v2 coal. The modified formula which we presented has a logical basis in that a study of 


forms of sulfur in various coal shows the percentage of pyritic sulfur to average in the 


: neighborhood of one-half of the total sulfur. The Parr formula assumes practically 
kn _ all the sulfur to be present in the pyritic form. Cady’s data clearly show that regard- 
¥ less of theory, the Parr formula actually shows a slightly smaller average variation 
and a smaller range of variation. Either the Illinois coals covered by this survey 


have partically all the sulfur in the pyritic form or certain other compensatory changes 
_are inherent in the Parr formula. 

ae It is recognized that the Illinois type coal affords a good test of the usefulness of 
formulas designed to correct ash values. Nevertheless it is hoped that the modified 
formula and the original Parr formula will be checked up against other coals as well as 
those of the Illinois type. Furthermore, Dr. Cady’s suggestion about correcting 
only for pyritic sulfur and considering the organic sulfur a part of the coal material 
is worthy of consideration. 


Determination of Mineral Matter in bernie “ey 
Studies of Coal 


; . ‘ ees vir a 
By E. SransFiELp* ‘AND J. W. SUTHERLAND, f EDMONTON, sen > 


(New York Meeting, February, 1930) 
Ir is well known that the ash left when coal is burned is mabe ‘anit ; 
same either in chemical composition or in weight as the mineral matter ; 
originally present in the coal. This mineral matter has been refer 
to as ‘mineral impurity,” ‘‘ash-forming constituents” and “ correct > 
ash.” The authors prefer the simple name used in the title and through- 
out this paper. >. 
The mineral matter in a sample of coal cannot be isolated unchanged “a 
and then weighed; but if the relation between the weight of mineral _ 
matter in the coal and the weight of ash remaining when the coal is _ 
burned can be ascertained, the weight of mineral matter in the sample 
can be calculated from the determined weight of ash. When the weight a 
of mineral matter in the sample is known, the weight of pure coal can 
be found by subtraction. This pure coal must be the basis of accurate _ 3 
coal classification. = 
W. F. Wheeler,':? W. Brinsmaid,? 8. W. Parr,? and many subsequent ~ a 
workers have studied the relation between mineral matter and ash. 
Wheeler and Parr and others have deduced formulas for calculating this “4 
ratio, and used heavy-solution separations for checking the accuracy 
of their formulas. Brinsmaid hand-picked and analyzed two separate 
samples (and mixtures of these) and based thereon a. graphical method 
of deducing the ratio. In the Fuel Testing Laboratories of the Scientific 
and Industrial Research Council of Alberta, a graphical method, based 
on heavy-solution fractionation of coal samples, has been used with 
marked success for the past 7144 years for determining the mineral 
matter-ash ratio. This method resembles that employed by Brinsmaid 
in 1907. 


* Chief Chemical Engineer, Scientific and Industrial Research Council of Alberta. 

} Fuel Analyst, Scientific and Industrial Research Council of Alberta. 

‘ W. F. Wheeler: Pure Coal as a Basis for the Comparison of Bituminous Coals. 
Trans. A. I. M. E. (1907) 38, 621. 

* W. Brinsmaid: The Amount of Inert Volatile Matter in the Mineral Constituents 
of Coal. Jnl. Ind. & Eng. Chem. (1909) 1, 65. 

38. W. Parr and W. F. Wheeler: Unit Coal and the Composition of Coal Ash. 
Univ. Ill. Eng. Expt. Sta. Bull. 37 (1909). 
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forms of fuerte eee art steer rye to ee the work of i = 
ation of float-and-sink samples with heavy solutions. The method 
ised in this laboratory employs centrifuge cups of the type shown in 
- ‘Fig. 1. These consist of brass cylinders, 614 in. long and 2 in. dia. es 
closed at the bottom, fitted with a cone constriction in the middle and a 
- screw-operated cone valve. The valve can be readily removed by screw- 
g off the cap. The slope of the sides of the cones was made 60° to 


jet 


Fig. 1.—CENTRIFUGE CUP. 


___ insure against particles being retained on their surface and to facilitate 
removal of the treated sample. The heavy solutions employed are 
made by mixing carbon tetrachloride and benzene. Four different 

- gravities are used with each coal; these must be adjusted to suit the 
particular coal studied, but typical values for Alberta coals are 1.30, 
1.33, 1.35 and 1.38. 

The procedure is as follows: A representative 200-g. sample of the 
coal to be tested is further ground in a mill to pass a 28-mesh Tyler 
standard screen. The sample is then partly dried for about 14 hr. in 
a current of natural gas at 105° C. and cooled in an exhausted desiccator. 
Natural gas, or carbon dioxide, is used, as good results can not be obtained 
with lower rank coals unless precautions against oxidation are taken 


cups are eae with naa 
equalized by careful additions of — 
then centrifuged for 10 min. at 1500 r. p. m. ; y 
‘by the International Equipment Co. The hives are t 
the floats poured out on to a filter paper in a Buchner fi 
can be used to clean out coal that adheres tothe cup. Suction f 
minutes on the filter removes most of the solution, but the remo’ 
final traces can be insured by slight warming in a vacuum oven or e" 
by standing in an evacuated desiccator. The coal is transferred 
completely as possible from the filter to a suitable container and weig 


after complete removal of solution. After removal. of the floats - fu 


the cups, the valves are taken out and the sinks similarly collected, dried 


and weighed. .The eight fractions thus obtained, and a sample of the — 


original coal, are finely ground in small porcelain ball mills, from which 


the air is displaced by natural gas. The ground samples are preserved 
in tightly stoppered bottles, but the determinations of moisture, ash — 
and calorific value are made with the least possible delay. Other analyses — 


are sometimes made, but those described are the essential ones for. 
the study. 


Stupy oF ReEsutts 


The calorific values and ash percentages are calculated to a dry-— 


coal basis and plotted as shown in Fig. 2. These points, for all Alberta 
coals so far tested, are found to lie, within experimental errors, along a 
straight line AB. This line produced to the left cuts the line of zero 
ash at the point C, 13,000 B.t.u. in the figure. It is obvious that this 
may reasonably be assumed to be the calorific value of the pure dry coal. 

If any pure coal of calorific value Hy is mixed with an inert material 
so that the percentage of inert material—that is, mineral matter— 
in the mixture is M, then the calorific value of the mixture Hm is given 
by the equation Hm = H ae Or the percentage of mineral 
matter in the mixture of calorific value Hm is given by the equation 


100(H) — H 
M = ( i. lim Thus in Fig. 2, coal of calorific value D contains 


K per cent. mineral matter as represented by the point E. Coal of 
calorific value D, however, was found to give an ash yield of G per cent. ; 
as represented by the point B. The ratio of K to G, or of the line DE 
to DB, is the ratio of mineral matter to ash in this coal fraction. Points 


is : 
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-8B7U. per pound 


Coforifie Value of Ory Coal 


Percentage Mineral Matter in Ory Coal 
Percentage Ash from Ory Coo/ 


Fie. 2.—CaALOoRIFIC VALUES AND ASH PERCENTAGES CALCULATED TO A DRY-COAL BASIS, 
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' _The ratio FP to FL is the same as that of DE to DB, if the point B 
ies exactly on the line CL, but the significance of the point L is clearer. 
; A sample containing no coal—. e., 100 per cent. mineral matter—on 
: ignition leaves (in the case shown) 80 per cent. ash. 

Any coal sample may contain more than one type of pure coal, with 
varying calorific values, and may contain more than one mineral impurity, 
with varying mineral matter-ash ratios. These constituents may be 
separated in varying proportions in the fractionation method employed, 
so that there was no reason to anticipate that the calorific value-ash 
curve AB would be a straight line. The only exception noted to a 


ora 


ratio could be ealeulated for each a 
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Fig. 3.—ASH-CALORIFIC VALUE CURVE. ~ 


Table 1 shows the actual values found with a sample of bituminous 
coal from the Mountain Park area in Alberta. Fig. 3 shows these results 
graphically. The zero-ash coal has a calorific value of 15,770 B.t.u. 
and the ash percentage corresponding to zero calorific value is 85.5. 
This gives the ratio of mineral matter to ash as 1.17. In Table 1 the 
ratios obtained by calculation vary from 1.130 to 1.188. It is clear 
that even small experimental errors will give large errors in the ratios 
calculated for low-ash fractions. For the last five fractions the ratio 
only varies from 1.16 to 1.19. The weighted average for the calculated 
ratios is also 1.17. 

Coals from more than 30 mines have been examined and their ratios 
found to range from 1.03 to 1.28, but the values usually lie within the 


TABLE 1.—Analyses of Fractions of Bituminous Coal 


Sample from Mine in Mountain Park Area, Alberta - 
Analysis of Moist Coal | Analysis Dry Coal 
Mineral | . A 
Ratio 
Sample eNtoiee Rake Cal. Ach Cal. aaa Mineral 
ture, Per| Per a al, Per ee Per Cent. ae 
Cent. Cent. per Lb. Cent. Gout: 
2 Float on: 
: ICBONEDS BEBO eas etseiar 0.53 3.93 14,954 3.95 15,033 4.67 1.183 
ee: 1030 BP PE BOl st. caret ee. 5 0.47 5.06 14,752 5.08 14,822 6.01 1.183 
SO SD. LE. BOl...g reduce ele a 0.49 5.39 14,731 5.42 14,804 6.12 1.130 
De: 142) spy 20: BOlsayn cctieniseee 5.57 
a ers Orizinal’gample ss J. 020... «0s 0.68 18.46 12,201 18.60 12,285 22.10 1.188 
«Sink in: : 
ca 180 gO: ChaeOlaser. ss on nner 0.31 21.98 11,686 | 22.05 10717 25.71 1.166 
LOL (SDs CEL BOL vole clowsith che ious 0.40 26.31 10,865 | 26.42 10,909 30.82 1.167 
ve. ERSTE Soin = 250) Uo Gre Sie rere 0.65 29.26 10,309 | 29.46 10,376 | 34.18 1.160 
PAD Bp. LPs -SOks cee cee eek 0.51 30.79 9,970 30.95 7 10,021 36.46 1.178 
a a 
" ® Calorific value of pure, dry coal, as found by graph, 15,770 B.t.u. per pound. 
> Ratio of mineral matter to ash, as found by graph, 1.17, 
Z CALCULATION OF CALORIFIC VALUE OF PuRE COAL 


When the ratio of mineral matter to ash f has been determined 
for a coal, the calorific value H, of the pure, or mineral-matter-free, 
coal can be calculated from the calorific value H, of any sample with 
A per cent. of ash by the equation: 


7, 100 


The usual equation employed for calculating the calorific value 
of the so-called ash-free coal, neglecting the difference between mineral 


matter and ash, is: 


100 
Ho = Ha too — A 2] 


The error introduced by the use of the approximate equation 2 
increases with the value of f and increases with the ash yield of the sample. 

The results obtained by equation 2 can be obtained graphically 
on such a chart as Fig. 2 by drawing a series of lines from the point P 
through the different points from A to B, and continuing these lines to 
cut the axis CF, that is the zero-ash axis. Each line cuts the axis at a 
different calorific value, and in each case below the correct, pure-coal 
ealorific value; the higher the ash, the greater the error. 
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The error introduced by the use of equation 2 is shown graphically 
in Fig. 4, for samples up to 20 per cent. ash, and for ratios f from 1.0 
to 1.3. These curves show that if, for example, the calorific value of 
a coal sample of 10 per cent. ash is used to calculate the calorific value 


of pure coal, neglecting to correct for the mineral matter to ash ratio, - 


the result may be as much as 3 per cent. too low. 


Ash-free calorific value as percentage of pure cool calorific value. 


(eo) Ss 10 IS 20 


Ash percentage (A) 


Fig. 4.—CALoriFic VALUE OF ASH-FREE COAL. 


Calculated from coal of ash percentage (A) and expressed as per 

E cent 

ant value of pure coal. Curves for seven values Of ratio of Lag berer eis 
as : 


It should be noted that in the above discussions all the samples 
are assumed to be dry. To calculate the calorific value Hy of pure dry 
coal from the calorific value Hy, of a sample with M per cent. moisture 
and A per cent. ash, equation 1 has to be modified to: 


100 
H = 
0 = Hua 190 = (MIA) 


————— 
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: a Mabie when pes to Lae are ah ae ae (2) 1 aon 
(3) shales containing water of hydration. W. P. Campbell‘ studied 
three coals to ascertain how far the proved presence of these constituents 
would go towards accounting for the difference between the calculated 
mineral matter and the determined ash. He determined the carbonates 
_ in the coal and in the ash, and also determined sulfur forms and sulfur 
tent in the coal and in the ash of a heavy fraction of each of the coals. 

From his results he calculated the loss in weight of the mineral matter, 
_ due to loss of carbon dioxide and combustion of pyrites. No method 
-was known for determining the water of hydration of the shales, so 
_ that it was only possible to assume that this constituted the otherwise 
unaccounted-for loss. His results are summarized in Table 2. With 


TaBLE 2,—Campbell’s Results 


Coal A Coal B Coal C 
Calorific value pure, dry coal from graph, : 
csr. aioe nes 13,930 | 15,950 12,740 
_ Ratio of mineral matter to ash, from graph. . P27 eet 1.05 
Test fraction: 
e Calorific value, determined, B.t.u.......| 10,809 10,926 9,712 
Mineral matter content, calculated, per 
r (CINE. 5 fits 8S ct O28 5 clot eRe O Reem 22.4 31.6 23.75 
ss Ash yield, determined, per cent......... 18.1 28.5 DOF 
‘ Loss of mineral matter, by difference, 
Mer cOUbeers ale dens ces etree 4.3 3.1 1.05 
E Loss due to carbonates, per cent........ 3.20 0.15 0.40 
E < Loss due to pyrites, etc., per cent....... 0.00 0.29 0.00 
- Loss due to water of hydration (by dif- 
‘ LETENCE) PEL COMMU alaska is a's oie e +s 1.05 2.66 0.65 
os, Ultimate analyses of fractions: : 
- Ash yield, float fraction, per cent....... 3.3 2.1 
. Ash yield, sink fraction, per cent........ 31.2 40.5 
4 Carbon-hydrogen ratio, float fraction... . 19.1 21.8 
} Carbon-hydrogen ratio, sink fraction... 20.9 18.3 


coal A there is a large loss due to carbonates and a smaller loss due to 

) shales (water of hydration). With coal B there is practically no loss 

due to carbonates, but a large loss due to shale. With coal C all the 

: losses are small. Sulfur, whether as pyrites or as sulfates, is negligible 
for coals A and C and has only a slight effect with B. 

Campbell obtained further confirmation of this interpretation of 

his results by comparing the ultimate analyses of low-ash and high-ash 


4W. P. Campbell: Master’s thesis, University of Alberta, 1925. 


oe ihe carbon-hydrogen ato al 
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TaBLe 3.—Analyses of Bituminous Coal from Mine m Crow’s Nest. 


: Alberta Naan 
Analysis of Dry Coal : 
Sample Rit ete es Matier by er 
on,* 
Aer | Steps]. Parca a 
11A~-29 float on 1.54 sp. gr. sol....... 6.20 | 14,396 7.48 
11=29 channel) samples... 4.4.22 a. 13.05 ; 18,254 | 14.81 | 
10-29 channel sample................ 13.16. | 13,293 )> “14.567. 
12-29 channel sample................ 18.94 | 12,114 22.18 
9-29 channel sample............0e.. 25.14 | 14,024 29.13 
404-29 Half-ton consignment: 
Nelected« lum pn ss saute ieee nes 4.63 | 14,720 5.40 Perv 
Selected lumpia, shit eee 5.00 | 14,623 6.02 1.20 
Selectedslumpiiecs su. peeoee 8.09 | 14,074 9.56 Lasg 
Selectedslumptign ccm teenie 8.84 | 13,848 11.038 1.25 
Selected: lump cmmrunten ee eens 13.90 |. 12,280 21.08 1.52 1 
Selectedlumpro®) q..< acvaaeiaiee 14.01 | 18,110 15.74 1.12 
Selected: lump asacasy ves saa 14.20 | 18,000 16.45 1.16 
Selected lanip..s. 0.5m 14.47 | 12,955 | 16.74 Ligne 
Selected lumpy. seen oe ence 15.39 | 12,749 18.07 7) 2 
Average sample................. 17.17 | 12,487 19.75 115: AS 
Selected Imp seer. a0 ae 19.88 | 11,270 27.6 1.39 x 
Selected! umn typ anwar aie 21.00 | 10,290 33.9 1.61 
Selected:lump ey. ih ae oes 21.83 | 11,795 24.2 i ee ia 
Selected lump os: aa5ct a eee 29.37 | 10,250 34.1 1.16 
Selected small pieces—about 30...| 33.7 9,570 38.5 1.14 
Selected/lumip) Size. eee eee 39.5 8,463 45.6 1.15 
Selected small pieces—about 30...| 39.6 7,870 49.4 1.25 ' 
Selected! lump). wa. payaeekneen 39.7 9,189 40.9 1.03 
Selected Tumis. ces tee 49.1 6,870 55.8 1.14 
Selected luntpe. ye tte 75.5 2,941 81.1 1.07 


* Calorific value of pure dry coal assumed, as from graph, 15,560 B.t.u. per pound. 
> Mineral matter to ash ratio, from graph, 1.15. 
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_ pieces. There were thus obtained 25 separate samples giving ash yields 
ranging from about 5 to 75 per cent. When the calorific values and ash | 
_ yields of these samples were plotted it was found that although the sj 

__- majority fell with reasonable accuracy along a straight line, there were ; 
some notable exceptions. If the calorific value of the pure, dry coal 

is assumed to be 15,560 B.t.u. (as shown by the line on the graph) for 

all the samples—an assumption, however, which is far from justified— 
the ratios are as shown in Table 3. The average sample and channel 
- samples show reasonable agreement but there are some marked excep- 

tions with the single lumps. It may be noted that pillar coal was being 

worked in one section of the mine at the time, so that some of the coal 
‘was probably weathered, and that a study of the fusibilities of the ash 

_ samples showed that the nature of the ash was also markedly variable. 


OXIDATION AND WEATHERING STUDIES OF COAL 


The oxidizability of any coal can be studied by means of the calorific 

_ value-ash curves already described. The test developed in these labora- 
tories is as follows. One-half of a sample of fresh coal, ground to just 

pass a 28-mesh screen, is fractionated as before, and a calorific value-ash 
curve is obtained. The other half of the sample is exposed for 6 hr. in a 
current of air in a toluol oven at 106° C. Float, sink and original 
samples of the oxidized coal are then analyzed and the points placed on 

the same graph, as shown at D, E and F in Fig. 5. The reasonable 

r assumption is made that the nature of the mineral matter is not changed 


TaBLE 4.—Comparative Oxidation Values for Eleven Alberta Coals 


Analysis of Coal as Mined Reduction of 
Calorific Calorific Value on 


5 Value Oxidation for 6 Hr. 
Sample Volatil Fixed | Cal. Val ara ie! aah 
° ati ix al. Val., oal, Mii,*. + Se BES 
ata see ar Ane” Coes B.t.u. per OS per 
Per Cent. | Per Cent. Lb. : eae Pel} Per Cent. 
69-27 0.9 acon 15.8 75.8 14,270 15,700 60 0.4 
74-27 Zee: 6.7 21.8 69.4 14,300 15,920 130 0.8 
87-26 3.6 10.0 22.8 63.6 13,350 15,750 175 Lk 
78-27 iE 9.6 30.4 58.9 13,800 15,560 130 0.8 
53-27 7.2 13.9 34.9 44.0 11,470 14,880 240 1.6 
86-26 10.6 8.3 35.7 45.4 11,270 14,190 360 2.5 
94-26 14.3 11.4 30.4 43.9 10,140 13,900 370 2.7 
56-27 16.0 8.8 29.1 46.1 9,860 13,210 270 2.0 
3-27 179 3.5 31.4 47.2 10,420 13,420 520 3.9 
22-27 19.5 6.2 30.7 43.6 9,710 13,300 410 3.1 
58-27 25.8. 4.9 29.2 40.1 8,870 -13,010 350 DAO f 
be a Ee I rn la a a a S| 
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during oxidation, so that the calorific value-ash curve of the oxidized 


coal must meet that of the fresh coal on the zero calorific-value axis. : 


This in general practice is found to be the case. The line from the point 


C through F, E and D cuts the pure-coal axis at the point G below the — 


point A of the fresh coal. This drop in calorific value of the pure coal 
is a measure of the comparative oxidizability of the coal and can be 


8000 


Caferific Value of Dry Coal - BTU. per pound 


Fercentage Ash from Ory Coal 


Fria. 5.—CoMPaRISON OF FRESH AND OXIDIZED COAL. 


expressed either in British thermal units or preferably as a percentage 
of the calorific value of the pure, fresh coal. 
Table 4 shows the comparative oxidation values for 11 typical Alberta 


coals, tested by the method described above. The oxidizability of the 


coal tends to increase with the lowering rank of the coals. 

The degree of weathering of any sample of coal can be judged by 
plotting the dry-basis calorific value-ash point of the sample on a chart 
showing the normal calorific value-ash curve of fresh coal from the same 
seam and mine. This method of study has been found to be particularly 
useful in storage tests of coal, where the samples are not otherwise readily 
comparable on account of varying ash. 


—_—s 
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FRACTIONATION CURVES FOR CONSTITUENTS OTHER THAN CALORIFIC 
VALUE 


This discussion has been confined to the relations between calorific 
value, mineral matter and ash. Other analyses of the separated frac- 
tions of coal have been made and studied. Carbon-ash curves show 


Ufc Volue - 


| Color; 


: 


Colarific Value -B7U per pound 


Percentage of Ash 
Fig. 6.—CoMMERCIAL CALORIFIC VALUE-ASH CURVES. 


regularity and the method is applicable for the evaluation of carbon 
in the pure coal. As the carbon from the carbonates in mineral matter 
affects the determined carbon content, an erroneous mineral matter- 
ash ratio is shown. Hydrogen-ash curves are similarly affected by 
the water of hydration of the shales; and the percentage error on such a 
low value as that of hydrogen is too great for accuracy. No satisfactory 
volatile matter-ash curves or moisture-ash curves have yet been plotted. 
Further work should be done along the above lines. 
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CommeErcIAL ADAPTATION OF CALORIFIC VALUE-ASH CURVES 


Fig. 6, which is self-explanatory, illustrates the type of chart supplied 
to coal operators in Alberta. Three curves are here given, for coal 
with zero, 1 per cent. and 2 per cent. moisture respectively. Calorific 
values for samples with intermediate moisture contents can be found by 
interpolation; coal from the mine in question usually has between 1 and 2 
per cent. of moisture. It should be noted that both the calorific value 
and the ash in these curves are for coal with the moisture shown. 

Inset in the upper corner is a chart on a smaller scale, showing for 
dry coal only the actual points found with coal from that mine. 


DISCUSSION 


H. J. Ross, Pittsburgh, Pa.—The arithmetical calculation of B.t.u. to the basis 
of ash-free coal substance gives too low a value. This discrepancy may amount to 
hundreds or even a thousand or more B.t.u., in the case of high-ash coals. This can 
be graphically demonstrated on Fig. 2. The graphic equivalent of the ordinary 
method of calculating coal B to the ash-free basis would be to draw a line from 100 
per cent. mineral matter (point P) through B until the line intersects the left boundary 
of the chart, which it would do at 11,000 B.t.u. (or about 2000 B.t.u. below the correct 
value as indicated by the authors’ method or by comparison with the B.t.u. of the 
low-ash samples). 

The authors have presented a workable and convincing method which merits the 
consideration of everyone who is interested in calculating B.t.u. from ash analysis 
results. I use a simpler method based on the same principle, which consists in simply 
plotting B.t.u. vs. ash on ordinary cross-section paper. B.t.u. values for ash contents 
other than those already determined can be obtained by interpolation or extrapolation, 
although, of course, it is not feasible to extrapolate to the extent that is possible when 
sink-and-float samples are included on the graph, as recommended by the authors. 


Constitution and Nature of Pennsylvania Anthracite with 
Comparisons to Bituminous Coal* 


By Homer GrirrirLD TurNER,} BerHiunneM, Pa, 


(New York Meeting, February, 1930) 


THe nature and comparative features of anthracite and bitumi- 
nous coals have been discussed by the writer in two previous papers.! 
Although this paper is offered as a further contribution to the subject, it 
seems desirable at the outset to repeat some of the descriptive matter 
of the early works in order to show the actual connection between various 
constituents of both coals and the new photomicrographs and other 
physical and chemical properties. 


STRUCTURE OF ANTHRACITE AND BiTumMINous CoALs 


A lump of bituminous coal (Fig. 1) is readily seen to be composed of 
layers differing from one another in texture, luster and thickness. There 
are, in general, three kinds of layers, although only two are usually 
seen. One is deep black, very compact, and has a bright luster; another 
is grayish black, has a duller luster and is less compact; the third is 
black, dull and porous in appearance, but because of its thinness is not 
often seen except on parting surfaces. This last material is charcoal. 

American students of coal morphology use the names anthraxylon, 
attritus, and fusain to designate these three constituents of laminated 
coal. Anthraxylon refers to the brightest bands, attritus to the duller 
layers, and fusain to the charcoal. 

Close examination of a lump of bituminous coal shows the brightest 
deep black layers to be embedded in the duller grayish black laminae. 
These deep black layers are lens-shaped and vary in thickness from thin 
sheets to over half an inch. They are often so continuous through the 
lump that their tapering terminae are not noticeable. On careful 
examination the duller grayish black laminae (Fig. 7) are seen to contain 
many very thin sheets of this very bright black material. The charcoal 


* Presented before the Division of Industrial and Engineering Chemistry, 
American Chemical Society, Columbus Meeting, April, 1929. 

+ Assistant Professor of Geology, Lehigh University. 

1H. G. Turner and H. R. Randall: A Preliminary Report on the Microscopy of 
Anthracite Coal. Jnl. Geol. (1923) 31, 306. 

H. G. Turner: Microscopical Structure of Anthracite. Trans. A. I. M. HE. (1925) 
7A, 127. 
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when seen in vertical sections is in lenses or angular chips. Its presence 
is readily recognized on the parting faces parallel to the bedding planes 
(Fig. 8). 

The shape of a lump of bituminous coal is roughly rectangular, due 
to the fact that the joints are vertical and the horizontal laminae not 
closely knit. 


Fig. 7.—LuMP OF ANTHRACITE, GROUND TO PLANE AND ETCHED BY PLACING ON HOT 
IRON PLATE. NATURAL SIZE. 
_ Note lens shape of dark woody bands. Note also that duller coal in lower half 
inch of figure contains many small lenses of woody tissue. 

Fre. 8.—PARTING FACE OF BITUMINOUS COAL, SHOWING CHARCOAL CHIPS. NATURAL 
SIZE. 


On the whole, a lump of anthracite (Fig. 2) shows all the foregoing 
structural characteristics of bituminous coal with the exception of the 
shape of the lump, which is usually not so rectangular. There are a 
few exceptional cases (Fig. 4) where anthracite is so jointed and loosely 
laminated that their fractured fragments are fully as rectangular as 


Fic. 1—Lump oF BITUMINOUS COAL, SHOWING TENDENCY TO BREAK INTO REC- 
TANGULAR FRAGMENTS. NATURAL SIZE. 

Dark bands are woody laminae and lighter colored bands represent duller laminae, 
consisting of many kinds of plant debris together with mineral matter. 

Fig. 2.—LuMp OF ANTHRACITE SHOWING MORE CONCHOIDAL FRACTURE THAN BITU- 
MINOUS COAL. NATURAL SIZE. 

Laminations are not so distinct as in bituminous coal. 

Fig. 8.—REAR view or Fic. 2. NATURAL SIZE. 

This face has been ground to a plane surface and placed on an iron plate, which 
was raised to a red heat. Resulting etching has emphasized dark woody laminae 
and lighter attritus. 

Fig. 4.—LuMp OF ANTHRACITE. NATURAL SIZE. 

Note similarity to bituminous coal in laminae and shape of fragment. 

Fic. 5.—Lumpe OF ANTHRACITE, SHOWING HIGH CONCHOIDAL FRACTURE. LAMIN- 
ATED CHARACTER BARELY NOTICEABLE. NATURAL SIZE. 

Fic. 6.—ReEAR VIEW OF Fic. 5 DEEPLY ETCHED ON HOT IRON PLATE TO SHOW 
LAMINATIONS. NATURAL SIZE. 

Note scarcity of dark bands of woody matter. 


es 
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those of bituminous coal. This difference in the shape of anthracite 
lumps is due to fewer vertical fractures and to greater cohesion between 
laminae, giving anthracite a more pronounced conchoidal fracture. 

The luster of anthracite is brighter and more uniform than that of 
bituminous coal, so that its laminated character is not always so readily 
seen. The bright layers of bituminous coal are brilliant layers in anthra- 
cite; the duller layers of bituminous are bright layers in anthracite; while 
the charcoal in both coals is very much alike (Fig. 9). 


Fig. 9.—PARTING FACE OF ANTHRACITE, SHOWING CHARCOAL CHIPS. NATURAL SIZE. 


Some beds of anthracite and some parts of other beds are so compact 
and so uniformly bright that the whole mass seems to lack laminations. 
This type (Fig. 5) of anthracite breaks with a high conchoidal fracture 
and throws off chips which are sharp enough to cut the hands. Asa 
matter of fact, the laminae (Fig. 6) in these cases are far below the 
average in number and thickness. The fact that the thickest and most 
widespread bed in the Pennsylvania anthracite region is largely of this 
nature has given rise to the statement so often found in the literature 
that anthracite is not laminated. With the exception of much of this 
bed and a few restricted portions of other beds, all Pennsylvania anthra- 
cite is as fully laminated as bituminous coal. Figs. 3 and 4 show this 
very clearly. 

Fic. 10.—BrIGHTEST LAMINAE, SHOWING ALMOST PERFECT WOOD CELLS. 150 

Note intercellular spaces indicated by small dots. 


Fig. 11.—SrTRip OF WOOD WITH CELLS SO COMPRESSED AS TO BE BARELY NOTICEABLE. 
S50) 

Cells are indicated by dark broken lines at upper left side of photograph. 

Fig. 12.—AN AREA OF ANTHRACITE. > 138. 

a, b, Thick bands of wood; c, Typical view of duller laminae, containing in this 
case, many thin strips of wood, small spores, and other plant fragments. 

Fic. 18.—Woopy BAND In b In Fia. 12. XX 150. 

This highly magnified view shows that cells of wood were filled with resinous 
matter. This type of tissue is very common in all coals examined. Many former 
resinous lumps of this kind are found detached in duller laminae. 


Fic. 14.—Onr OF BRIGHTEST BANDS IN ANTHRACITE SHOWING WELL PRESERVED 
WOOD STRUCTURE. X 34. 


se 15.—POLISHED SURFACE OF BITUMINOUS COAL ETCHED BY CHROMIC ACID. 
a ker 


Broad light-colored band is a strip of wood, showing cell structure; darker area 
duller lamina composed of spores and plant debris. Compare with Fig. 12. 
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APPEARANCE UNDER MICROSCOPE 


The character of the various laminae of both anthracite and bitumi- 
nous coal is brought out clearly under the microscope. In this paper, 
the details of anthracite, which is opaque in thin sections, are revealed 
through the use of polished surfaces which have been etched by méans 
of the blowpipe flame.? The details of bituminous coal are shown by 
means of thin sections and by polished surfaces etched by Seyler’s?® 
chromic acid method. Only enough photomicrographs of bituminous 
coal are used to clearly establish the relationship between the two ranks 
of coal. More complete descriptions of bituminous coal can be found 
in the writings of David White and Reinhardt Thiessen.‘ 


Tuer BricutTest LAMINAE OR ANTHRAXYLON 


The brightest bands, so prominent in both anthracite and bituminous 
coal, are found to be pieces of wood, such as limbs, stems, twigs and 


Fig. 16.—THIN SECTIONS OF BITUMINOUS COAL, SHOWING WOODY STRIPS, a, b,c. > 200. 


Largest strip d, shows well defined structure. Areas between wood represent 
duller laminae composed of plant debris. Light disks in these layers are spores and 
resinous matter. . 


roots. The wood cells range from almost perfect forms (Fig. 10) to 
forms that have been greatly flattened (Fig. 11). Most of these woody 


*>H. G. Turner: Microscopical Structure of Anthracite. Trans, A. I. M. E. 
(1925) 71, 127. 


3.C. A. Seyler: The Microstructure of Coal. Trans. A. I. M. E. (1925) 71, 117. 
21): White and R. Thiessen: Origin of Coal. U.S. Bur. Mines Bull. 38 (1914). 
R. Thiessen: Structure in Paleozoic Bituminous Coals. U. 8. Bur. Mines Bull. 


117 (1920). 
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fragments seem to have been 
compressed. In anthracite and 
in bituminous coal this compres- 
sion has caused some of the wood 
to appear almost structureless. 
Figs. 10, 11, 12, 13 and 14 show 
various views of the woody com- 
ponents of anthracite while Figs. 
15 and 16 show comparable forms 
in bituminous coal. 


THE DuLLER LAMINAE OR 
ATTRITUS 


In anthracite and bituminous 
coals the duller laminae are seen 
to be composed of a great 
number of constituents derived 
from various parts of plants 
together with inorganic particles 
and a substance with the appear- 
ance of mud. In this mass are 
found spores, cuticle, lumps of 
resin, pith, plant-fibers, plant cells 
and parts of cells, finely macer- 
ated woody matter, carbonized 
material, and inorganic particles. 
These constituents are shown in 
Figs. 17, 18 and 19. These duller 
layers in coal are really the ground- 
mass in which the woody lenses 
areembedded. Their duller luster 
is due partly to their heterogen- 
eous constitution and partly to 
the earthy mineral matter and 


Fig. 17.— DULLER LAMINAE OF AN- 
THRACITE. X 13. 

Note large spore at a, and formet. 
resin lump at 6. Thin strips represenr 
woody matter and probably leaf cuticle. 


Fig. 18.—DETAILS OF DULLER LAMINAE OF ANTHRACITE. X 34. ; 

Two large spores are shown at aand b. Thin strips are woody matter, leaf cuticle 
and flattened spores. Very small light spots are microspores. 

Fig. 19.—A BADLY MACHRATED PIECE OF WOOD IN ANTHRACITE, SHOWING FORMER 
CIRCULAR RESINOUS BODIES. X 150. 


pan 
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charcoal which they contain. Very thin sheets of woody matter are 
usually prominent in these duller layers. 


THe CHARCOAL OR FUSAIN 


Charcoal is abundant in anthracite and bituminous coal. While 
most of it occurs in layers too thin to be seen with the naked eye except 
along the parting faces, some fairly large lenses are always visible in a 
hand specimen of coal. Layers 3 in. thick and 10 in. or more in diameter 
have been found in both coals. Masses of this size have the appearance 
of an aggregate of crisscrossing small chips of wood, each chip being 
about 34 in. long, 14 in. wide and 14 in. thick. The charcoal content of 
anthracite and bituminous coal is usually soft and brittle although at 
times it is quite hard, due to an infiltration of mineral matter or organic 
products produced during coal metamorphism. It shows the most 
perfect plant structure of all the coal constituents. The wood cells of 
which it is commonly composed are devoid of filling as a rule, and are 
so well preserved as to be clearly visible on polished surfaces of coal 
without the use of any etching agents. It often happens that these 
cells have been fractured and pushed together, but even in these cases, 
their identity is not lost. Figs. 20, 21, 22, 23, 24 and 25 represent 
charcoal in anthracite. 


CHEMICAL COMPOSITION OF LAMINAE 


With the purpose of showing the difference in chemical as well as 
morphological properties, the three distinct laminae in anthracite and 
bituminous coals were isolated and analyzed separately. The coals 
selected were the Forge Split of the Mammoth, an anthracite from 


Nanticoke, Pa., and the Freeport bed, a bituminous coal from Indianola, 
Ind. The results are given in Table 1. 


Fic, 20.—CuHaARrcoaL IN ANTHRACITE, SHOWING WELL PRESERVED EMPTY CELLS. 
x 150. 


Small intercellular spaces can also be seen. 
pushed together. ; 

Fig. 21—CHarcoan IN ANTHRACITE. XX 150. 

a. Almost perfect cells; 6, fractured cells. 

Fig, 22.—TypicaAL VIEW OF CHARCOAL FRAGMENTS IN ANTHRACITE, > 34. 

Fic, 23.—CHARCOAL IN ANTHRACITE. XX 150. 

This carbonized piece has been fractured and part B has moved down with respect 
to A. Note fractured cells around borders. : 

Fia. 24.—CRUSHED AND COMPRESSED CHARCOAL. XX 150, 

Material of this nature is very common in both anthracite and bituminous coal. 
Intercellular spaces can be seen in some of these fragments. 

Fia. 25,—PARTLY CARBONIZED PIECE OF WOOD IN ANTHRACITE. 150. 

Carbonized portion in upper half of figure shows almost perfect cells while in 


lower portion cells have been flattened. Note that compressed cells are not fractured 
as in Fig, 19. 


Border cells have been fractured and 
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Figs. 20-25.—CAPTIONS ON OPPOSITE PAGE. 
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The conventionalized drawing in Table 1 is characteristic of both 
anthracite and bituminous coals, the only difference being the more 
pronounced conchoidal fracture on the anthracite side of the drawing. 

Aside from the charcoal content, the analyses shown here are just 
what one would anticipate when the constitution of the different laminae 
is taken into consideration. The brightest layers, which have been 
shown to be composed of former woody tissue in all cases, should repre- 
sent, as they do, the portions of greatest purity in both coals. The ash 
content in these layers probably comes very close to a measure of the 
inorganic material of the original plant substance. 


Taste 1—Chemical Composition of Laminae of Anthracite and 
Bituminous Coals 
Anthracite Bituminous 


Forge Split Mammoth Freeport bed 


Brightest 
Layers 


or 
Anthraxylon 


Duller 
Layers 


or 
Attritus 


Charcoal 
or 
Fusain 


1Volatile combustible matter. ? Fixed carbon. 


The duller layers, being composed of a great variety of plant materials 
and containing fine mud and other mineral grains should at least show 
as they do, a higher ash content than that of the brightest layers. ; 

When we examine the analyses of the charcoal content of both coals, 
we encounter contrasts which could not have been anticipated from an 
examination of hand specimens or photomicrographs; for this material 
has the same macroscopic and microscopic appearance in both anthracite 
and bituminous coals. One explanation, however, which is compatible 
with the structural features, is found in the relative lack of cohesion 
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between the laminae of bituminous coal as compared to anthracite. 
This permits greater penetration of mineral-charged waters in bituminous 
coal and hence its charcoal content would have a greater opportunity to 
absorb inorganic matter. This is further substantiated by the fact 
that the charcoal of bituminous coal shows a greater content of inorganic 
carbon dioxide than does the charcoal content of anthracite coal. Of 
course, if this explanation is true, one is forced to assume that the charcoal 
of neither anthracite nor bituminous coal was mineralized before the 
coals had reached the solid stage. ' 

Whereas this may account for the high ash of charcoal from bitumi- 
nous coal, it does not explain the higher volatile content. One explana- 
tion for this condition may be that the charcoal in bituminous coal has 
taken up gaseous or liquid organic products which have condensed in 
the pores and have not been released. If we assume that the charcoal 
in both coals was the same at the outset, it is not difficult to picture 
them taking up organic gaseous or liquid products at some stage in 
their metamorphism and releasing them during a later stage. The 
charcoal of anthracite which has been subject to much greater meta- 
morphism than its bituminous counterpart would thus lose a corre- 
spondingly greater percentage of its volatile matter. 

One of the most significant things shown in this table is the close 
relationship between the anthracite components and similar components 
of bituminous coal. This relationship gives additional support to the 
theory that anthracite is really bituminous coal which has been subjected 
to regional metamorphism. 

The analyses shown in this table were made by H. M. Cooper, of 
the Bureau of Mines. They are the results of single analyses of samples 
prepared in the following manner: Several lumps of coal showing fairly 
thick bands of anthraxylon were selected from a given bed; a piece of 
anthraxylon was sawed out of each lump; all these pieces were then 
pulverized and thoroughly mixed for the analysis. The same pro- 
cedure was followed for the attritus. The fusain was picked out of 
that part of the bed that showed a thick layer of this material. The 
analyses given in Table 1 should, therefore, be fairly representative of 
the materials of the beds in question. 

The gravities given in this table are true specific gravities and were 
obtained from one specimen only. They may be much farther apart in 
cases where the duller laminae are much higher in ash than are the 
brightest laminae. 


SEPARATION OF COMPONENT Parts oF ANTHRACITE BY MBANS OF 
SCREENS 


It is reasonable to expect that the three chief laminae of anthracite, 
with vastly different physical properties as shown herein, would be 


bee 
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separated somewhat if a lump of coal were ground in a mortar and passed 
through a nest of screens of different mesh. A crude attempt was made 
to see if this held true. In this test a lump of well laminated anthracite 
was ground in an iron mortar and shaken in a nest of screens starting 
with 20 mesh and ending with 100 mesh. The portions remaining on 
each screen were analyzed with the results as shown in Table 2. 


TaBLE 2.—Component Parts of Anthracite by Screening 


Through | Through | Through | Through | Through 
Mesh 20 on 40 40 on 60 60 on 80 | 80 0n 100 100 
) 
IMOIStUTE + ave seen iaee ieee L4 ay 1 Wee | Dee ies 
Volatile combustible matter....... 5.0 5.3 4.9 | 4.1 eS 
Vixedcarbome.2--0 onsen) ae 83.2 82.2") 83.1 | 83.1 79.8 
Aishrt hia agar Spm ct Ut omnnecmee 10.4 nO) 10.8 | 10.6 ame 
Sulfites ase ca Aca irae ee eerie OES Oron! 0.4 | 0.5 0.5 
Galories:-4 2 uk ne econ ae eee | 7,233 UAze (opal 2d 7,000 
BStSlinees Settee ete ae ec ce ene ee 13,020 | 13,000 | 12,990 | 12,990 | 12,600 
| | 


A few things are suggested by Table 2, although the analyses are 
so much alike that it may be unsafe to generalize. The coarsest material 
shows the highest fixed carbon and the lowest ash, suggesting a larger 
proportion of the brightest laminae, which has been shown to be the 
purest, most compact, and most homogeneous constituent in anthracite. 
The finest material shows the lowest fixed carbon and the highest ash 
which suggests a larger proportion of the duller layers. The charcoal 
content would probably concentrate in the fines also, but because of 
its relatively small amount, it would not be reflected in the analyses. 


Several repetitions of this test on various coals might show more signifi- 
cant results. 


ASH AND Its DistRIBUTION 


The mineral content of anthracite and bituminous coals has three 
sources; namely, (1) inorganic constituents of the coal-forming plants; 
(2) sediments and dissolved minerals carried into the swamp in which 
the coal-forming plants grew; and (3) minerals deposited in spaces in 
the coal after it had reached the solid stage. 

The analyses given in Table 1 show that, exclusive of the charcoal, 
the ash is lowest in the brightest laminae and highest in the duller 
layers. In other beds where these components could be separated, the 
ash was found to be as low as 1 per cent. in the brightest bands of anthra- 
cite and as low as 0.9 per cent. in the corresponding layers in bituminous 
coal. Thus the ash percentages in the brightest layers of laminated 
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bituminous coal or anthracite give a measure of the lowest ash obtainable 
by mechanical means in a given bed. 

It was found, however, that the ash of each lamina of both coals 
could be greatly reduced by chemical treatment without much alteration 
of the coal substance itself. Hydrochloric and hydrofluoric acids were 
tried in various ways until a method was found that gave the lowest 
ash with the least change in coal substance. 

The treatment which gave the best results consisted in boiling the 
coal for 14 hr. in concentrated hydrochloric acid in an Erlenmeyer flask 
connected with a Liebig condenser, using 5 g. of 60-mesh coal to 100 
c.c. of acid. The sample was then emptied into an 800-c.c. beaker which 
was filled with cold distilled water, stirred, allowed to stand for 5 min. 
and then decanted over filter paper into a Buchner funnel in a filtering 
flask connected to a water suction fitting. The beaker was again filled 
with distilled water and emptied as before. Five repetitions served to 
remove all the chlorides as far as could be detected in the wash water. 
The filter paper was lifted from the funnel and allowed to stand in the 
room until the coal became dry enough to be brushed into a platinum 
dish. About 45 c.c. of 49 per cent. hydrofluoric acid was added and 
the dish was then placed over a low flame to simmer for 2 hr. at a tem- 
perature of 95° C., care being exercised to prevent evaporation to dryness. 
About 30 c.c. of concentrated hydrochloric acid was next added and the 
boiling continued for 1 hr. The sample was then washed free from 
chlorides and dried in the manner described above. 


TaBLE 3.—Minimum Ash in Coal after Acid Treatment 


Ash in Un- | Ashin Treated 
treated Coal, Coal, Per 
Per Cent. Cent. 
Brieitertsoamd me LCCDOLG stew ma varanasi: qa pee se ot sac 1.20 0.30 
HDPillere bane litecOLt eee see ame eee ie sie eaece «ait eas ee tae 6.40 0.40 
Be hitesin band MreepOrte vee a Wie gn eee ote allie res 0.90 0.10 
Brightest band, anthracite Mammoth................... 70) 0.40 
Charcoal wlreeporue, — retro eos curtis awe ge ite eee 18.10 0.90 
NUH A CULE ys PANT OSG MOCO rer hae ear! cise dated oo, cae mals 8) Ses 13.20 1.10 
ATU aeAGHhe sO KIGMOTE, DEG eee a6. rec este wl oles 6 wgpeme es ons 14.77 0.87 
Amtiraxolte,; sudbury, Canada. 0)... ee dense ies es ee 30.63 0.41 
Anthraxolate vselected piece: os. foes. cc cee te eee eel 0.93 0.09 
Rihodemslamcdmora phir tiercowtls Meas tars ctee atk cute aglaw es 19.95 0.46 


The minimum ash obtained by this treatment is given in Table 3. 
The analyses showed a loss of about 1.5 per cent. carbon and 0.1 per 
cent. hydrogen for anthracite and about 0.6 per cent. carbon and 0.1 
per cent. hydrogen for bituminous coal. To go into greater detail 
concerning this experiment would require more space than the writer 
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feels is desirable at this time. In a future paper a complete discussion 
will be given. A similar method was used by A. C. Fieldner and others? in 
the determination of combustible matter in silicate and carbonate rocks. 

The results of the acid treatment show that probably almost all of 
the inorganic matter exists as such and is not combined chemically with 
the organic radicals. 

To obtain further light upon the distribution of the inorganic matter 
in anthracite, thin sections of it were prepared and boiled in hydrochloric 


Fig. 26.—THIN SECTION OF ANTHRACITE WHICH HAS BEEN TREATED WITH ACID 
AND THEN PARTLY BURNED TO. REMOVE SOME OF DARK CARBONACEOUS MATERIAL. 
x 200. 

Dark area with regularly spaced white dots is very bright woody material while 
rest of area is duller lamina. White dots are spaces formerly occupied by mineral 
matter. They are slightly enlarged, due to shrinkage during burning. Untreated 
sections when burned in same way did not show this contrast. 


and hydrofluoric acids. It was thought that thin sections of anthracite, 
which are normally opaque, would thus permit light to pass through 
the places formerly occupied by mineral matter and therefore show under 
the microscope just how this inorganic material was distributed. 

The treated and untreated sections, however, showed little difference 
under the microscope. Nevertheless, when these sections were burned, 
it was very evident that the bulk of the ash material had been removed 
from the treated section. In the burning it was noticed that the 


5 A.C. Fieldner, W. A. Selvig and G. G. Taylor: The Determination of Combustible 
Matter in Silicate and Carbonate Rocks. -U. 8. Bur. Mines Tech. Paper 212 (1919) 9 


— 
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untreated sections remained compact until they were completely ashed, 
whereas the treated sections became porous before all the carbonaceous 
matter had been burned away. On the assumption that these pore 
Spaces represent the locus of places formerly occupied by mineral 
matter, it was concluded that a photomicrograph would show its distri- 
bution. Fig. 26 shows very clearly that the duller lamina contains most 
of the inorganic matter and also that the smaller content of inorganic 
matter of the brightest lamina is uniformly distributed. 


ADSORPTIVE PROPERTIES OF ANTHRACITE AND Bituminous COALS 


A comparison of the nature and properties of anthracite and bitumi- 
nous coals would hardly be complete without the consideration of their 
adsorptive properties. 

As noted in an earlier paper,® bituminous coal from the Freeport bed 
adsorbed 24 ¢.c. of COs as compared to 206 c.c. for anthracite from the 
Forge Split of the Mammoth bed. Again charcoal from the Freeport 
coal adsorbed 20 c.c. of COs as compared to 159 c.c..for charcoal from 
Pennsylvania anthracite. 


CONCLUSIONS 


Pennsylvania anthracite and high-rank bituminous coals are almost 
exactly alike in morphological constitution. 

Anthracite is superior to bituminous coal in toughness chiefly because 
of the elimination of vertical joints through metamorphic reconsolidation. 

The three chief components are chemically and physically. different 
in anthracite and in bituminous coal and yet their differences are of the 
same order when a given component of one is compared to a like com- 
ponent in the other. 

The inorganic constituents are not combined chemically with the 
organic matter to any marked extent. 

Anthracite possesses greater adsorptive powers than does bitumi- 
nous coal. 

The fixed ash of both coals is approximately 0.5 per cent. 

The bulk of the ash is confined to the duller laminae from which it 
ean be removed in part only after fine grinding, provided a mechanical 
method is used. 
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DISCUSSION 


D. Wut, Washington, D. C. (written discussion).—This paper is interesting 
not only for the conclusions reached, but also as a demonstration of the value of the 
Turner process of flame etching of anthracites in the preparation of such coals for 
paleontological study. Though too far carbonized to show by present methods 
of section cutting the configuration and detailed structure of the organic debris which, 
with the associated biochemical decomposition products, makes up the deposit, these 
coals may by this process be made to reveal more detail than it -has hitherto been 
possible to observe under magnification. It is hoped that the Turner process will be 
employed on coals by students of the internal structure of fossil plants as well as by 
those interested in the paleontological details of composition of coals of different ranks. 
In this connection it may be mentioned in passing that the structure shown in Fig. 21 
very likely belongs to some of the fernlike stems abundant in the Paleozoic 
coal measures. 

The demonstrations so admirably presented by Professor Turner corroborate, 
even in detail, the conclusions that anthracites are the products of further alteration 
of coals which have progressed through and beyond the bituminous ranks. My 
conclusions to this effect, reached nearly 30 years ago, were based upon the study 
of the megastructure of anthracites, to a limited extent, on their microstructure, and 
on their paleontological associations and depositional relations which are identical 
with those characterizing the bituminous coals of the same ages, whether Paleozoic, 
Mesozoic, or Tertiary. All have similar bedding, composition and structure. The 
tracing of the jetlike lenses and stripes, representing portions of flattened logs, branches 
and twigs, in coals from the lignite through the subbituminous, bituminous, semi- 
bituminous and anthracite ranks, has not only been corroborated by Turner, but he 
makes it possible to study the characters of the detailed cell structure of the different 
tissues preserved in these brilliant portions of the deposit as they could not be studied 
before. The deformation and crushing of the tissues in the anthracites as shown by 
Turner agree exactly with the conditions revealed by Witham, Renault, Thiessen 
and others, in the woods embedded in the coals of lower ranks. 

Though generally masked by crushing or shearing, and possibly by a degree of 
cementation, mineral charcoal or fusain occurs in anthracites with the same variability, 
as well as with the same abundance in certain beds, as is found to be the case with 
coals of lower ranks. My own strong conviction is that, with anthracite as with 
other coals, much of the dust generated in the mining and preparation of the coal for 
market is due to trituration of this, the really friable material of the anthracite 
deposit. I am therefore quite prepared to find that the fixed carbon of the fusain in 
Dr. Turner’s anthracites should be notably larger in amount than that found even in 
the woody (glance or jetty) layers and lenses, as shown in the analysis by the U. S. 
Bureau of Mines, quoted by Turner. On the other hand, it remains to be explained 
why the fixed carbon of the fusain from the bituminous coals is not higher than that 
of the jetlike wood. Professor Turner’s implied suggestion that failure of fusain 
in the bituminous coal to show the high percentage of fixed carbon which might be 
expected had it been deposited as charcoal, may be due to impregnation by ulmic and 
other saturating matters at time of deposition, demands thoughtful consideration. 
The analysis does not, however, seem to show the relative difference in carbonization 
which should be reflected by the fixed carbon content if fusain had been laid down as 
charcoal when the deposit was being formed. 

The close examination of Pennsylvania anthracites with the aid of the hand lens 
reveals the presence not only of carbonized remains, recognizable as belonging to the 
Lepidophytes, including Stigmaria, and the Calamarian group, but also to the fernlike 
groups in the fusain layers, unless, so as often happens, due to the friability of these 
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layers, shearing has taken place along the latter. Also, in rare instances, the grain 
of the wood forming the jetty layers and lenses may, with favorable illumination, be 
detected on certain fracture surfaces under low powers. These criteria were 
included among the evidence on which my conclusions of over 20 years ago were based. 

Dr. Turner’s photographs furnish additional evidence of the uselessness of further 
effort to conserve the pseudomineral term vitrain. 


Following the presentation of his written discussion Dr. Wurte added that the 
author’s paper is the most complete discussion of the structure of anthracite coal to 
date, and that the author has evolved a new method of attack and brought it to an 
excellent stage of development. 


A. C. Fre,pnrr, Washington, D. C. (written discussion*).—Professor Turner has 
presented an important contribution to fundamental knowledge on the constitution 
and origin of coal. His excellent photomicrographs of anthracite and bituminous coal 
are convincing evidence of the essential similarity of the morphological constitution 
of these two ranks of coal. Table 3 shows that the residual inorganic matter left in 
the coal after extraction with acids is very small. It is usually less than 0.5 per cent. 
But I question whether it can be concluded that all the extracted inorganic matter 
existed uncombined chemically with organic matter. I think that some of it—no 
doubt, a small proportion—may have been combined with organic radicals, as for 
example, calcium humate. This compound would be decomposed by hydrochloric 
acid, forming a soluble chloride and insoluble humic acid. It is possible also that 
small amounts of inorganic matter may be adsorbed in the coal colloid and resist 
extraction with acids. Without further investigation I would not accept the con- 
clusion that the residual ash of the extracted coal represented inorganic matter 
combined with organic radicals and that all of the extracted inorganic matter was 
present in an uncombined state. Further work needs to be done to establish this point. 


H. G. Turner stated that there is less than 1 per cent. of mineral matter in the 
woody tissue and this is either not combined with the coal substance, partly combined 
or free. The experimental work suggests that it is almost entirely free, but very 
careful chemical work is required to demonstrate the actual combination of this 
mineral matter. 


A. W. Hussez, Nemacolin, Pa., asked whether seams could be correlated by such 
examinations of the coal and R. Thiessen, Pittsburgh, Pa., replied that it can be done 
easily in some cases, but that in others it is quite difficult if not impossible. To this 
Professor Turner added that an enormous amount of work is required to establish a 
basis for such correlations, but having established the basis, the matter of correlating 
should be simple and effective. 


* Published by permission of the Director, U. 8. Bureau of Mines. 


Splint Coal* 


By RernnarpTt THrIessen,}t PirtspuRGH, PA. 


(New York Meeting, February, 1930) 


Durine the last few years a type of coal called ‘‘splint coal” has 
been brought to the attention of the United States Bureau of Mines, 
through numerous inquiries concerning its nature. Until recent years 
it appears to have escaped general notice. The term “splint coal”’ 
is of long standing, but was thought to be merely another expression 
applied by the miner to coal having certain minor characteristics. When 
closely examined, however, these coals were found to form a marked and 
distinct type, with distinctive characteristics that cannot be mistaken. 
Because splint coals produce a hot cheerful flame, possess a clean block- 
like nature, and have a high volatile content, they have lately become 
much valued for domestic, gas-producer and steaming purposes, and 
have attracted considerable attention. 


MaAtTTKOHLE 


For many years we have heard from the Germans about Mattkohle 
and Streifenkohle, in contradistinction to Glanzkohle, but have not realized 
that they were of a different type from the coals with which we were 
most familiar. This type of coal was first brought to general notice by 
Muck, in 1881, who gave a good description of it.1 Because this coal 
is often intercalated with thin sheets of brightly shining coal, Schondorff, 
who was more familiar with the Saar coals, called it Streifenkohle. This 
term was later used by Muck also. Still later Potonié? used this term 
exclusively for the whole group in contradistinction to a class called 
Glanzkohle, and considered these coals to be composed alternately of 
Humuskohle and Faulkohle or Mattkohle (Fig. 20). 

Not knowing the nature of the German coals and not realizing that 
the term Streifenkohle was applied to a distinct class of coal, the terms 
of its components as used by Potonié and others were translated to 
“bright coal” and ‘dull coal” and applied to the components of our 


* Published by permission of the Director, U. 8. Bureau of Mines. 


} Research Chemist and Microscopist, Pittsburgh Experiment Station, U. S. 
Bureau of Mines. 


1F. Muck: Die Chemie der Steinkohle. Bochum, 1881. 
* H. Potonié: Die Enstehung der Steinkohle. Berlin, 1910. Borntrager. 
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coals in general.* This was incorrect, and has brought about great 
confusion in the correlation of terms. The splint coals of America, 
now known to be of the same type as Mattkohle, had not been studied 
at. that time and were not generally known, so that they were not con- 
sidered in comparison with the German type. 


DuRAIN 


In England a certain type of coal had always been recognized as 
“hards” or ‘‘dulls.”” In 1919 Stopes? concluded that the different 
components of coal should be more clearly classified and defined. Four 
components were then formulated as found in the British bituminous 
coals—fusain, clarain, vitrain, and durain. It was not realized that 
durain was a special type of coal. 

Durain, from the French dur, hard, was a new name assigned to the 
hards or dulls, and the coal so designated was made the equivalent of 
the German Mattkohle under the following description: 


Durain is hard, with a close, firm texture which appears rather granular even to 
the naked eye. However straight the break across it, the broken face is never truly 
smooth, but if looked at closely, always has a finely lumpy or matte surface. Gener- 
ally, even in the dullest of durain bands, a few (or many) flecks or hair-lhke streaks of 
bright coal are to be seen. 


When in England in 1925 and 1926, the writer had an opportunity 
to make a microscopic examination of the durain of the British coals. 
He found that durain is a characteristic component of coal in which the 
attritus is composed essentially of an opaque constituent; in other words, 
an opaque constituent is the characterizing ingredient to which durain 
owes its characteristic nature. 

A later investigation of the German Mattkohle or Streifenkohle showed 
that it also owed its specific and characteristic nature to a similar opaque 
matter. Now it is found that the splint coals of America are of the 
same type. 


SIMILARITY OF SPLINT CoaL, DuRAIN, AND MaTrKoOHLE 


We have, then, a type of coal which in America is called splint coal; 
in England, hards or dulls, now also durain; in the Ruhr district of Ger- 


3R. Thiessen: Compilation and Composition of Bituminous Coals. Jnl. Geol. 
(1920) 28, 185-209. 
Structure in Paleozoic Bituminous Coals. U. 8. Bur. Mines Bull. 117. (1920) 
296. 
4M. C. Stopes: On the Four Visible Ingredients in Banded Bituminous Coal. 
Proc. Roy. Soc. (1919) B90, 470-487. 
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many, Streifenkohle and Mattkohle, now also ‘“‘qdurit;’’ and in the Saar 
district, Streifenkohle and Mattkohle or houille ‘matte in French. 
Undoubtedly the same types of coals are found elsewhere. These coals 
are so similar that a description of the one will describe the other, except 
perhaps in a few minor details. 

For the study of the British coals, those of the Beeston bed were 
taken as a basis. An examination of this coal was made from top to 
bottom of the vein: The bed has a number of typical durain bands 
distributed through it which are sometimes as much as 2 to 3 in. thick. 
Coals from the Grassmore colliery, the Hatfield and East Kerkby col- 
lieries in the Barnsley bed, the Plessy bed, the Low Main bed, the Parks- 
gate bed, and the Wigan Four-Foot bed, and a number of other samples 
of unknown or uncertain origin, were studied for comparison. 

The study of the Ruhr coals was made chiefly on samples sent by 
Dr. Kukuk of Bochum, Dr. Broche of Essen, and Dr. Fischer of Mithlheim 
from Fl6z Zollverein, Konig Ludwig mine, Fléz Bismark or No. 15, 
Baldur mine, and Fléz Aegis, Baldur mine. Rittmeister reported that 
every bed examined in the Ruhr Basin contained Mattkohle in bands 
of varying thickness and in amounts of 10 to 50 per cent. of the coals.® 
In the Saar coals the Mattkohle also occurs in bands varying in thicknesses 
up to 3 cm. It is most common in the Clarenthal coals,* where it con- 
stitutes the larger part of the beds. 

The study of the American splint coal was carried out mainly on 
samples from the Highsplint bed at Closplint, Ky. Samples from 
the Kellioka bed, Benham, and the Harlan bed, Chevrolet, Harlan County, 
Ky., and from the Hernshaw bed, Boone County, W. Va., as well as other 
samples of doubtful origin, were examined for comparison. 

Splint coal is also reported to be found in the following beds: Flag, 
Leonard, No. 2 Gas, and Thacker, in Kentucky; Millers Creek, Dorothy, 
Coalburgh, Island Creek, No. 2 Gas, Stockton, Lewiston, Thacker, and 
Winifred, in West Virginia.7 


COMPOSITION OF CoaL IN GENERAL 


Before it is possible to comprehend the underlying principles upon 
which the grouping or classification of these coals is based it will be 
necessary to give a brief review of the structure of coal in general. To do 


*W. Rittmeister: Higenschaften und Gefiigebestandteile der Ruhrkohlen. Gliick- 
auf (1928) 64, 589-594, 624-637. 


° H. Hoffmann: Die makroskopischen Gemengteile der Saarkokskohle. Glick 
(1928) 64, 1237-1243, 1273-80. . Gliickauf 


. 7 Keystone Coal Buyers Catalog, 1929. New York, McGraw-Hill and Directory 
One lunes 
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this it will be necessary to repeat from articles and papers previously 
given by the writer.® 

All coals are essentially composed of two visibly different classes of 
constituents—anthraxylon and attritus (Fig. 1). 


Fic. 1.—BLock OF BANDED COAL FROM UPPER FREEPORT BED, FREEPORT, PA. Two- 
THIRDS NATURAL SIZE. 
Black bands are anthraxylon; the gray are attritus. 


Anthraxylon 


Anthraxylon comprises those constituents in coal which are derived 
from the woody tissues of plants, such as of stems, limbs, branches, 


8 R. Thiessen: Constitution of Coal Through a Microscope. Proc. Coal Min. 
Inst. of Amer. (1919) 34-45. 
Compilation and Composition of Bituminous Coals. Jnl. Geol. (1920) 28, 
185-209. 
Recent Developments in Microscopy of Coal. Coal Age (1920) 18, 1183-1189, 
1223-1228, 1275-1279; (1921) 19, 12-15. 
Recent Developments in the Microscopic Study of Coal. Proc. Coal Min. 
Inst. of Amer. (1920) 88-121. 
Structure in Paleozoic Bituminous Coals. U.S. Bur. Mines Bull. 117 (1920) 296. 
Origin and Constitution of Coal. Proc. Wyoming Hist. and Geol. Soc., Wilkes- 
Barre, Pa., 1924. 
The Microscopic Constitution of Coal. Trans. A. I. M. E. (1925) 71, 35-116. 
The Microstructure of Coal. Jnl. Roy. Soc. Arts, London. (1926) 74, 535-557. 
Also D. White and R. Thiessen: The Origin of Coal. U. 8. Bur. Mines Bul. 
38 (1913). 
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twigs, and roots, including both wood and cortex, changed through 
decay and coalification processes, but still present as definite unit con-. 
stituents. With the naked eye they appear as homogeneous black 
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Fig. 2.—THIN CROSS-SECTION OF ANTHRAXYLON OF A PITTSBURGH COAL. 
x 200. 
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matter, and a few fragments o 


x 200. 
Fig. 3.—THIN CROSS-SECTION OF PITTSBURGH COAL SHOWING TYPICAL ATTRITUS AND THIN STRIPS OF 


ANTHRAXYLON. 


MATTER. 


bands, strips or lenticular inclusions, usually of a bright outward appear- 
ance but sometimes varying from a smooth black to a highly lustrous 
black, according to the stage of metamorphism of the coal; the more 


Reduced one-third; original magnifications given. 
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highly metamorphosed the coal, the higher the luster. Sometimes the 
anthraxylon may be quite devoid of luster. 

In most respects the anthraxylon corresponds to the British vitrain, 
and in part to the German Glanzkohle. 

Microscopic examination of thin sections of these bands always 
reveals some of the original cell structure, which appears very faint in 
some sections and well preserved in others (Fig. 2), with all gradations 
between. 


Attritus 


Attritus is that component in coal derived from any or all plant 
matter which contributed to the deposit in the peat stage, macerated 
and comminuted through the agency of micro-organisms, lower forms 
of animal life, and the meteorological influences, and subsequently 
changed into coal; therefore attritus consists chiefly of the more and most 
resistant plant products. 

Attritus is of much duller appearance than anthraxylon, being 
usually of a grayish dull color, often intercalated with fine hairlike 
streaks of bright coal (Fig. 1). A typical attritus of an ordinary coal 
is shown in Fig. 3. 

The attritus in coal is analogous to the black muck in peat. 
Peat muck is really an attritus and is composed of the same kind of 
constituents as coal attritus. Knowledge concerning it is therefore 
valuable in understanding coal, and makes possible a precise inter- 
pretation of the constituents in coal. 


Peat Attritus 


Peat attritus is the general residue left from all possible kinds of 
plants, plant products, and plant organs through the agency of fungi, 
bacteria, actinomyces, lower forms of animal life such as insects and 
their larvae, crustacea and worms, and meteorological influences, all 
active on the contributing plant matter largely while it is freely exposed 
to air. Following are the chief constituents: 

1. Humic Degradation Matter. (a) Woody Degradation Matter.— 
When wood is left to decay in moist air, much of it is in time reduced to a 
more or less finely macerated product. The cellulose of tissues is readily 
decomposed into water, gases and soluble acids, while the lignin, in some 
manner changed into substances called humus or humic acids, largely 
remains. The wood has been reduced to a granular mass in which may 
be recognized bits of tissues and fragments of wood cells or fibers. 

(b) Degradation Matter from Other Carbohydrate Tissues.—Another 
type of degradation matter is derived from leaf tissues, petioles, cortex, 
bark, pith, etc., and from the tissues of such plants as ferns, mosses, 
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liverworts, lichens and fungi, macerated through agencies of micro- 
organisms, lower forms of animal life, and weathering. Again, as in 
the woody tissues, the cellulose of all tissues has been largely decomposed 
and has disappeared, while the lignin transformed into humus has 
largely remained. 

In peat the woody degradation matter and that of the other tissues 
are definitely distinguishable under the microscope, yet, as they are 
similar in their chemical behavior, in the further transformation from 
peat into successively higher grades of coal they become similar to each 
other in appearance and distinguishable with difficulty. These two 
derivatives are therefore together classed as humic degradation matter 
and with the larger pieces of woody peat largely constitute the humus and 
humic acids of peat. 

2. Spores and Pollens——Spores are asexual reproductive organs of 
pteritophytes, mosses, liverworts, andfungi. The spores of pteritophytes 
are chiefly important in coals. In the living plant the spores are more or 
less spherical. They consist of an inner living part, the protoplasm 
and its inclusions; this is surrounded by a thin membrane, the entine, 
which in turn is enclosed by a relatively thick outer coating, the exine. 
The exine is very resistant to all chemical reagents, micro-organisms, and 
to weathering, and alone resists the peat-forming and coal-forming 
agencies, while the inner cell contents and the entine disappear. 

Pollens are similar to spores in function, structure and chemical 
behavior; the outer wall or exine is much thinner than that of the spores, 
although it also resists the peat-forming and coal-forming agencies. 

3. Cuticles—All leaves, petioles and growing parts of the higher 
plants are covered by a protective membrane to guard them from the 
attacks of micro-organisms, insects and the weather. As in the spore 
and pollen exines, cuticles are very resistant to chemical reagents and 
micro-organisms, and therefore survive in a more or less fragmented 
state and are constantly present. 

4, Resins —All plants contain some resinous matter either in the 
cell or in fissures or cavities of the tissues of leaves, wood and bark of 
the plants. Living conifers now contain the greatest quantity of resins. 
These are not decomposed by micro-organisms and therefore survive in 
peat and throughout the following ranks of coal, either as free particles or 
lumps or as inclusions in the remaining wood, bark and leaf tissues. 

5. Waxy Matter—Many plants contain waxes, either in certain cells 
of the tissues as films, or as layers in the form of granules, heirs, or 
rodlets on the surface of leaves and green stems. Such waxes are also 
resistant to chemical reagents, micro-organisms and weathering, and 
constantly remain in peat. 

6. Opaque Matter—Careful microscopic examinations of a peat 
attritus will reveal a certain ingredient which in comparison with the 


Po 
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other constituents is darker in appearance and not nearly so transparent, 
and which in thicker layers or larger fragments is totally opaque. Its 
origin has not been definitely determined and for want of a better name 
it is provisionally termed ‘‘opaque matter.” 

These various constituents are always present in an ordinary peat 
attritus, but not always in the same proportions. As a rule, the humic 
degradation products furnish by far the largest part of the attritus, 
but in certain types of peat other constituents may form important parts. 


Same Constituents Found in Coal 


All of these constituents can be followed step by step from peat 
through all the ranks of coals—brown coals, lignites, bituminous coals, 
and anthracite—so that their identity and origin in the coals of higher 
rank is well established. In all coals, therefore, the major constituents 
that can be recognized definitely are anthraxylon and attritus. The 
attritus again is composed of (1) humic degradation matter, (2) spores 
and pollens, (3) cuticles, (4) resins, (5) waxes, (6) opaque matter, (7) 
mineral matter; and to these should be added (8) oil algae and (9) fusains 
or mineral charcoal. 

Although, genetically, some fusain should be classed with the anthra- 
xylon, some of it is plainly of other origin. Because of its specific differ- 
ence in physical structure, fusain is customarily put in a class by itself. 
To these definitely recognizable visible constituents must be added a 
number of other constituents invisible to the microscope yet present in an 
absorbed or finely dispersed state, such as pigments and other glucosides, 
alkaloids, terpenes, etc. 


Compilation 


The relative proportions of the two major components—anthraxylon 
and attritus—play an important part in the nature of a coal. Ordinarily, 
coals are composed of a mixture in all possible proportions. Common 
appearances of anthraxylon and attritus under the microscope at a 
medium high magnification are shown in Fig. 4. Coals in which the 
relative amount of anthraxylon is high, are termed ‘‘anthraxylous”’ 
coal, as that in the lower bench of the Upper Freeport; other coals in 
which the relative amount of attritus is high, as in the Pittsburgh coal, 
are termed ‘‘attrital”’ coal. When a coal contains none or only relatively 
little anthraxylon, like that in the Kittanning bed, it is a cannel coal; 
in other words, a coal composed entirely or almost entirely of attrital 
matter and assuming specific characteristics, is called a cannel coal, 
as found in the Kittanning bed. The nature of a cannel coal is deter- 
mined by the predominance of the one or the other of its constituents. 

While it is true that the relative amounts of anthraxylon and attritus 
determine the nature of the coal, the predominance of the one or the 
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other of the constituents composing the attritus also determines the 


nature of the coal. 
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ment lending a specific characteristic to the coal as a whole. One or 
several of the components may be absent but never is one present alone. 


PossIBLE CoMposITION oF ATTRITUS 


Although in many coals the various components are present in more 
or less equal proportions, there are a number of coals where one or the 
other does predominate and to which the coal owes certain specific charac- 
teristics; for example: 

1. Attritus of a coal may be composed largely of humic degradation 
matter. A notable example of such a coal occurs in the Redstone bed 
of the Monongahela series, in which the attritus is composed largely 
of humic matter and contains relatively few spores, resinous particles, 
cuticles or opaque matter. 

2. Attritus may be largely composed of spores. A conspicuous 
example of such a coal is found in certain layers of the Pittsburgh bed, 
which, as a whole, is rich in spore matter. The organic matter of spore- 
cannel coals also is largely composed of spore matter. 

3. Attritus may contain a large proportion of cuticles. Not many 
coals of this type are known, but the Russian coal called Papier Kohle, 
of Malowka, which, according to Zeiller,? consists of an accumulation 
of the cuticles of Bothrodendron, is a good example. Another example 
is found in the Dusonich de Lievin bed of France. !° 

Many coals have thin seams containing numerous cuticles, as in an 
Illinois coal. 

4, The attritus may contain a large proportion of resins. Coals 
of this type more often occur in the younger horizons. A coal from 
Sunnyside, Utah, is a good example. 

5. No ordinary coal has as yet come to our knowledge in which attritus 
is composed chiefly of waxes, but certain oil shales like that of Soldiers’ 
Summit, Utah, come under this classification. 

6. Oil algae have not yet been found in the ordinary American coals. 
In certain British coals they are sparingly represented, but the boghead!! 
coals are largely composed of oil algae. 

7. The opaque matter is the most important constituent for the 
present discussion, as it is the constituent to which this group of coals 
owe their characteristic nature. 


9M. R. Zeiller: Observations sur Quelques Cuticules Fossiles. Ann. des Sct. Nat. 
[6 Bot.] (1882) 13, 217-238. 

10 A, Duparque: Les Charbons de Cuticles du Basin Houiller du Nord de la France. 
Ann. Soc. Geol. du Nord (1927) 52, 2-27. 

See also V. H. Legg and R. V. Wheeler: Plant Cuticles, II—Fossil Plant Cuticles, 

Jnl. Chem. Soc., London (1929) 2449-2458. 

11 R. Thiessen: Origin of Boghead Coals. U.S. Geol. Survey Prof. Paper 132-I, 
in Shorter Contributions to General Geology (1925) 121-128. 
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Classes of Opaque Matter 


In general, two classes of opaque matter may be recognized: One 
class has definite structure and clearly represents highly carbonized 
parts of cells or small groups of cells and bits of tissues. This class is 
of the same general nature as fusain and may be placed under the same 
head. The identity of this class is easily established through the various 


Fig. 6.—BLock OF SPLINT COAL FROM HIGHSPLINT BED, CLOSPLINT, HARLAN Co., Ky. 
TWO-THIRDS NATURAL SIZE. 
Notice thin sheets of anthraxylon*in black, distributed through block. 


cell characteristics. The other class consists of irregular and disorganized 
plant matter, in which little or no cell structure is evident. This class 
is not so easily defined as the former and is apparently of special origin. 
It occurs in a large variety of forms and shapes of particles. They vary 
from the tiniest microscopic particle, colloidal in size, to such as are 
visible to the unaided eye. In a medium-thin section they are opaque. 
In a very thin section many are translucent or even transparent, and 
present a dark ash-gray red color by transmitted light, but many remain 


—— 
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opaque. Taken as a whole, these particles, which collectively constitute 
an opaque matrix, vary considerably in their opacity. In the same sec- 
tion, side by side, may be found particles of all degrees of opacity, ranging 
from those that are but slightly more opaque than the particles composing 
ordinary humic attritus, to those only translucent in the thinnest section 


Fig. 7.—Buiock or MAtTrKoOHLE (DURIT) FROM ZOLLVEREIN BED, KONn1G LuDW1G MINE, 
Ruur, GERMANY. ‘TWO-THIRDS NATURAL SIZE. 
Notice anthraxylon (Glanzkohle) scattered as very thin strips throughout block. 


possible or totally opaque. On the whole, the higher the rank of coal, 
the less translucent are these particles. 

The opaque matter is present in all coals in greatly varying propor- 
tions; in some there may be relatively little dispersed throughout the 
coal, in others there may be considerable amounts in certain thin layers, 
as in some layers of the Pittsburgh coal, but never enough to give the 
coal the character of a splint coal (Fig. 5). In some coals the opaque 
matter is predominant in certain thicker layers; in others the attritus 
of the whole bed is predominantly composed of opaque matter. To 
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or to such layers of a bed, the opaque matter has given 


t 
& 


, and as long as coals have been used 


they have been designated by specific terms. 


definite and specific characteristics 


such coal beds, 
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These are the coals already referred to in the United States as splint 
coals (Fig. 6); in the Ruhr district of Germany (Fig. 7) and in the Saar 
coal fields of France as Mattkohle, after Muck, and Streinfenkohle after 
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Schondorff, now durit (Fig. 8); and in England as hards and dulls and 


recently as durain, after Stopes. 
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bards or durain, and Mattkohle or durit differ radically 
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als in their dull gray color, granular consist- 
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Since the term 


ency, great hardness, solidity, toughness, higher specific weight, chemical 


composition and behavior on chemical treatment. 
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When a piece of typical splint coal (durain, or Matikohle) is ground 
on a glass plate with a fine abrasive, the ground surface assumes a brown- 


“U9A Id SS ae [BUISIIO {pityj-ou0 poonpery 
: [woo quyds @ se pesseo oq plnoys sty} eInyons}s pue uoTsodul0d 0% Surtps0d0 
sarods JO W10F 90140 N ‘soiods snoseunu Surureyuoo ‘xi1y8ut enbedo ut peppeque ee uopAxeiyy} ue ee ion : 
00 X “IVO0 DNINNVLLIY YHMOT 40 NOMOAS-SSOUO NIB. —'FT “SI : 
' CI “SI UL UBYY Sdimys UOTAXvIQZU JO JequUINU JeSIVT [IIS 
00Z X ‘NIBUMATIOZ ZO] WOUd (LIMO) AIHOMLLV]Y 4O Raa acon Cama. ‘DIq oe 
‘EL “DLT ‘eT ‘DIA 


ish black appearance; when an attempt is made to polish it to a high 


degree, it assumes a dull grayish black appearance, but never acquires 


the high polish assumed by ordinary coals treated in the same manner. 
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Appearance of Thin Section 


Sections thin enough to be transparent are difficult to prepare from 
these coals. In a section in which the attritus of an ordinary coal is 
transparent splint coals show a dark opaque substance in which a number 
of spores are embedded and in which possibly fragments of cuticles 


Fig. 15.—THIN CROSS-SECTION OF SPLINT COAL, HIGHSPLINT BED, CLOSPLINT, Ky. 
x 1000. 
This is a thin section and opaque matter has resolved into a heterogeneous mass; it is 
shown to consist of more or less definite particles of greatly varying transparency. 


stand out here and there in great contrast to the black background. 
Next, as a rule, a varying number of dark red humic particles and resinous 
globules are seen. A few thin strips of dark red anthraxylon may also 
be observed. This is the most common picture, of which Figs. 9, 10 
and 11 show typical examples. As the section is moved along, or in 
other sections, the appearance may vary. There may be a larger number 


REINHARDT THIESSEN ; 661 


of humic particles (Fig. 12); or a larger number of anthraxylous strands, 
as in Fig. 13; or there may be a larger or a smaller number of spores 
as in Figs. 9, 10, 13 and 14. 

In some parts of a section the humic particles may predominate 
(Fig. 12), but this is never the rule. Whatever the amount of anthra- 


} 


Fig. 16.—THIN CROSS-SECTION OF MATTKOHLE (DURIT) FROM FL6OzZ ZOLLVEREIN, 
K6énie Lupwie ming, Rupr, Germany. X 1000. 
From very thin section showing nature of opaque matrix. Notice form of spores. 
s Reduced one-third; original magnification given. 


xylon or whatever the amount of humic particles, they are always of a 
deep red color and the attritus is always relatively opaque. 

As the sections are ground thinner, more and more of the constituents 
of the attritus become translucent or transparent, and when made very 
thin, the opaque matter is revealed as a heterogeneous mass. When 
finally the section is made exceedingly thin, most of the constituents 
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become transparent or translucent; they then appear as a heterogeneous 
mass under the microscope, but some remain opaque, no matter how 
thin the section may be. When examined at a high magnification, the 
constituents consist of more or less definite unit particles varying greatly 
in form, size and transparency (Figs. 15, 16, 17 and 18). 


Fic. 17.—THIN CROSS-SECTION OF MATTKOHLE FROM FL6Z ZOLLVEREIN, RuwR Dis- 
TRict.  X 1000. 
Shows type of spores predominating in this type of coal. 


Anthraxylon 


As already shown in the block and thin section, the splint coals usually 
contain numerous thin bands or sheets of anthraxylon, a characteristic 
that merited them the name Streifenkohle. Relatively few bands are 
found more than a few millimeters thick, so that the total amount of 
anthraxylon is much less than in ordinary coals. 
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Fic. 18.—THIN CROSS-SECTIONS OF ENGLISH DURAINS. X 1000. 


A from Barnsley bed, Kirkby mine C from Barnsley bed, Hatfield mine 
B from Plessy bed D from Wigan 4-ft. bed 


Reduced one-third; original magnification given. 
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Some of: these are 


The distribution, number and thickness of the anthraxylon sheets 
thinner than sheets of paper; many are of microscopic thickness and 


are well shown in the illustrations of the blocks. 
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Many of them are 


arity of the anthraxylon strips is that 
, With crooked edges (rarely straight), and 


are only seen in thin sections under the microscope. 


thin lenticular sheets. 


A peculi 


they are irregular in shape 
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often are divided or frayed out on the ends (Figs. 11 and 13). They 
are always deep red in color, becoming lighter in thinner sections; as 


x 200. 
x 100. 


Hra.: 22. 


; original magnifications given. 


e of megaspore in splint coals. 


Shows smaller and larger resin globules in anthraxylon. 
Shows typ 
Reduced one-third 


92.—THIN CROSS-SECTION OF ‘SPLINT COAL, HIGHSPLINT BED. 


Fie. 21. 
Fic. 21.—THIN CROSS-SECTION OF SPLINT COAL, HIGHSPLINT BED. 


Fic. 


they are denser than ordinary coals of similar chemical composition, 
they show a much deeper shade of red. 

Some evidence of plant structure almost always remains; although 
as a rule the structure is faint and is often revealed merely as more or less 
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parallel striae (Fig. 19); nevertheless, definite cell structure is common, 
as in Fig. 20. Here and there are resinous inclusions of an oval or ovoid 
globular shape, of greatly varying size, showing that the resins were not _ 
absent in the contributing plants (Fig. 21). 


Attritus 


As already noted, the attritus consists largely of opaque matter in 
which spores, cuticles, humic matter and resinous particles are embedded. 
It is, therefore, opaque and dense, and requires exceedingly thin sections 
to be transparent enough to expose all of the constituents. 

Opaque Matter—The most prominent and important constituent 
is the opaque matter, also referred to as opaque matrix, black funda- — 
mental matter or matrix and residuum." It is of a characteristic nature 
and is easily recognized wherever present. 

In a medium-thin section it appears as a more or less homosene ae 
mass, but as the section is ground thinner and thinner it is resolved into 
more or less definite unit particles of varying size, but so extremely 
variable and irregular in appearance as to defy description. Some of 
the particles are then transparent; others are still opaque, with all possible 
degrees of transparency between these two extremes. The best idea of 
its nature may be obtained from photographs at high magnification, 
say 1000 dia. It matters little whether the illustrations are taken from 
our splint coals, the German Mattkohle, or the British hards; all are very 
similar in nature. Fig. 15, of a splint coal from the Highsplint bed in 
Kentucky, Figs. 16 and 17, of a Mattkohle of Fléz Zollverein of the Ruhr, 
and Fig. 18, of British coals, are good illustrations of the appearance 
under the microscope. 

Humic Matter—Transparent humic matter—that is, humic matter 
similar to that which constitutes the major part in the attritus in ordinary 
coals—is always present in splint coals. It is, however, rather irregularly 
distributed, and is only sparingly present; but here and there are areas 
where it forms the predominant constituent (Fig. 12). 

Humic matter consists of irregular particles varying greatly in shape 
and size. Although rounded or ovoid particles are not rare, humic matter 
is mostly flattened in form and usually of frayed and tattered appearance. 
The particles are of the same deep red color as the anthraxylon strips, 
becoming lighter in thinner sections. 


large numbers, as 
may be seen from Figs. 9, 11, 13, 14 and 17, yet thisis not always the case. 
In some sections and even in some of these coals as a whole, spores are not 


18J, G. Kellett: The Physical Constitution of Bituminous Coal and Coal Seams, 
Coll. Guard. (1928) 137, 240-242. 
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numerous—in other words, numerous spores are not a requisite. Fre- 
quently, the spores are much deformed and even torn and macerated. 
Both megaspores and microspores are present; the latter, however, are 
more numerous. 

A remarkable fact is that the predominant spores of all of the splint 
coals thus far examined, whether the Mattkohle of the Ruhr, the hards of 
England, or the splint coals of America, are of the salver-shaped type 
(Figs. 9, 10, 18, 14, 16 and 17). Other types of spores are present, but 
are few in number. One type, a saw-edged, rather large spore is rather 
predominant in certain sections. The larger number of megaspores are 
also of one and the same type—a relatively large spore with appendages 
(Fig. 22). 

The fact that the majority of the spores are of the same kind would 
indicate that the opaque matter had its origin in a special type of plant. 
If so, it may be possible that such a plant produced an abundance of a 
certain product which, during the peat-forming stage, left a residue that 
gave rise to this opaque matter; or the structure of the whole plant was 
such that it gave rise to a peculiar form of decomposition resulting in this 
type of residue. 

Cuticles.—These, as a rule, are not abundant in these coals, yet in 
some sections they may be numerous. When present they are much 
torn and fragmented. Cuticles are often found associated with 
definite tissues. 

Fusain.—The fusain content varies considerably in the splint coals 
from different localities and in different sections; as a whole it is not 
abundant, but when present it is of much the same nature as in 
other coals. 

Mineral Matter.—The amount of mineral matter in splint coal varies 
considerably, but it is always higher than that in the anthraxylon and 
lower than that in fusain. Very little, if any, is visible under the micro- 
scope. According to British investigators the ash is usually in the form of 
a fine powder, of a pale gray to almost white color, and consists largely of 
aluminum silicate. Baranov and Francis" give the following analysis for 
the ash from the durain of the Top Hard bed at East Kirkby colliery: 
SiOs, 56.3; Al,O3, 39.6; Fe2O3, 2.4; CaOs, 1.0 per cent.; MgO and alkali, 
a trace. Several analyses from other localities give figures of a 
similar magnitude.” 


144A. Baranov and W. Francis: Banded Bituminous Coal. Fuel in Science and 
Practice (1922) 1, 219-222. 
15 R. Lessing: Coal Ash and Clean Coal. Canton’ Lectures. Trans. Roy. Soc. 
Arts. (1926). 
N. Simpkin: Note on the Composition of Durain. Jnl. Soc. Chem. Ind. (1926) 
45, 76T-78T. 
Footnote 15 continued on next page. 
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Chemical Analysis 


The chemical analyses of a few of the American splint coals deter- 
mined do not differ in the main from those of the ordinary humic coals 
of similar rank, as shown in the analyses of Table 1, which were made in 
the laboratories of The Koppers Company. 


TaBLE 1.—Analyses of High Splint Coal from Clover Splint? Property 
Compared with Others in the District 


Six Samples from Clover Splint Property Biltecs Sen os 
Com- 
Dei | Poste 
F Open-| Open-| Open-| Open-| ‘hole os Aver- | Aver- | Maxi-| Mini- 
Map Location of Sample ing ing ns we Gore 7 Bee age | mum | mum 
Head- 
ings 
SE co ee i i 
Clean coal, inches........ 59 57 49 155.5 | 52.0 | 52.0 |54.1 55.5 84 [39.5 
Volatile matter constitu- | 
ents, pericent.... a. ..-.- 38.10 |37.90 |37.40 (38.20 | 38.9 |38.10 |37.10 |40.23 |34.72 
Pixed carbone... see 58.71 |59.59 |57.78 |58.51 | 55.3 |57.98 158.86 |61.34 |53.65 
ABW ic si queciesiaee he hae ee Ss 3.19 | 2.51 | 4.82 | 3.29 oe 3.60) 3.52 | 4.04 | 7.12 | 2576 
Sulfurccs. one or 0.49 | 0.50 | 0.55 | 0.46 0.45) 0.51) 0.49 | 0.55 | 0.69 | 0.44 
Phosphorus... ss0se sees 0.019) 0.019) 0.007; 0.006 0.013) 0.016) 0.044) 0.003 


2 A representative analysis of coal from the Clover Splint mine is 39.27 per cent. volatile matter, 
57.04 per cent. fixed carbon, 3.69 per cent. ash, 0.55 per cent. sulfur, and 0.024 per cent phosphorus. 


SpLint CoaL FROM THE HERNSHAW BEpD, Boonr County, Kentucky. ANALYSES 
on Dry Basis 


| 
; Vian, cis Ash, Ss, P P ly P P : 
Sample No. Per ee Pee Cent. | Per Cent. Care eo sgh ue pete: 
ae l } | 
12001 | 32.12 | 59.11 | 8.77 0.50 | 78.57 | 4.93 | 6.03 1320 


ORIGIN OF SPLINT COALS 


There are evidences to show that splint coals owe their specific and 
characteristic nature to a certain type of plant—one which, during the 
formative peat stage, gave rise to larger quantities of opaque matter 


H. Winter: Mikroskopische und chemische untersuchungen an Streifenkohlen 
des Ruhrbezirks. Gliickauf (1928) 64, 653-658. 

R. Kattwinkel: Untersuchung iiber die Verkokbarkeit der Gefiigebestandteile 
von bituminosen Streifenkohlen des Ruhrbezirks. Gliickauf (1928) 64, 79-83. 

W. Rittmeister: EHigenschaften und Gefiigebestandteile der Ruhrkohlen. 
Gliickauf (1928) 64, 589-594, 624-637. 
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than the plants that contributed to the ordinary humic coals. Unfor- 
tunately, the origin of the opaque matter is not known; but the fact that, 
as far as known, the structure and nature of the anthraxylon is similar 
in all splint coals and that the salver-shaped type of microspores and 
the winged megaspores which predominate in them are also all of the 
same kind, lend weight to this theory. 


Splint Coals a Type 


The characteristic nature of a splint coal persists, regardless of its 
rank. In other words, specific plant substances gave rise to these coals. 
Splint coals do not owe their specific characters to metamorphism or 
dynamic agencies, such as earth movements, earth thrusts and mountain 
building, to which other coals owe their difference in rank. The Ameri- 
can splint coals are of high-volatile bituminous rank; the British durains 
are of a lower volatile bituminous rank. In the Ruhr district of Ger- 
many, where every bed, as far as examined, contains splint coals, these 
coals increase in rank—namely, from Gasflammkohle,'® Gaskohle, 
Kokskohle, to Esskohle and Magerkohle—with increasing depth of the 
beds, parallel with Glanzkohle of the same beds. The two components, 
Glanzkohle and Mattkohle of the Ruhr coals change chemically and in 
outward appearance with the degree of incoalation and become more 
like each other in passing from the lower to the higher rank; but with 
respect to their microscopic structure they remain distinct.1” Splint 
coals, therefore, must be considered as a type of the same order as humic 
coals, cannel coals and boghead coals. 


MISUNDERSTANDINGS OF TERMS 


It has been correctly said'® that the term ‘‘durit” (or ‘‘durain”’) has 
brought about more confusion in the literature of coal petrography and 


16 After Gruner’s classification the Ruhr coals are ranked according to their 
volatile content, as follows: 


Coa Per CEnr. 
ATIPAPRCILCLOL<VEAPCTKOMIG. 4 04 2654 n% occ eee ewes ges 5 told 
Hal OLevtwORMPSSKOMGrs). 6 jc cy. ces chews oe aa Say eaters TO todlon5 
NLC RO TMI ea sO lem hema ie gus. c reer cs) ae oa, «yells cobsirn. ls, sere Glens hoes 15.5 to 33.3 
Backend enGasicohlese. a: com ais Sageercais susie a <a sya mass 33.3 to 40 
(Corel ni 3 @ Uk 5 oe rahe OS, ee ne na eee ce 40 to 44 
(Caeiienaitical Rollo, eee ie enn ont, Cane nee 44 +o 48 


R. Potonié: Einfiihrung in die allgemeine Kohlenpetrographie. 1924, Berlin, 
Borntrager. 
17H. Winter: Op. cit. 


W. Rittmeister: Op. cit. 
18 H, Bode: Zur Nomenklatur in der Kohlenpetrographie. Kohle und Erz (1928) 


25, 699-710. 
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geology than any other, and that this term is being used with more 
different meanings by different writers than any other. 

One of the main reasons for this confusion and misunderstanding 
is that the distinction between the two types of attritus—namely, the 
transparent attritus of the ordinary humic coals (Figs. 3, 4, 5) and 
the opaque attritus of the splint coals—has not been sufficiently 
realized by most coal petrographers. As soon as the distinction 
between a transparent attritus and an opaque attritus has been made, 
as has been done between the anthraxylon and the transparent attritus 
or between anthraxylon and the opaque attritus, the confusion will 
cease, and it will be realized that anthraxylon and transparent attritus 
constitute ordinary humic coals, and that anthraxylon and opaque attri- 
tus constitute splint coals. 


SUMMARY 


Splint coals, Mattkohle or Streifenkohle or durit, and hards or dulls 
or durain represent groups of coals that may be put under one type and 
should preferably be classed under one name; therefore, since the term 
“splint coal’”’ has found its way into common use, in the literature and 
in dictionaries, the word “‘splint”’ is used for the whole type in this paper. 
These coals are present as bands varying from a fraction of an inch to 
several feet in thickness, interlayered in a bed of ordinary humus coals, 
or they may constitute the whole bed. 

Splint coals are radically different from ordinary coals and are easily 
distinguishable from them. They are of an irregular lumpy nature, with 
an irregular rough fracture, and are rarely smooth. They are dull, 
grayish black incolor. They have a granular consistency, are very hard, 
solid, and tough, and produce very little fines in breaking up. Splint 
coals are of a relatively higher specific weight, of a different chemical 
composition and behavior on chemical treatment, and are slightly higher 
in volatile matter than the ordinary humus coals of the same rank. The 
average ash content of splint coals varies, but the average is relatively 
high—higher than that of pure anthraxylon and lower than that of 
fusain; the ash is light gray, almost white, in color, and consists mainly 
of aluminum silicate. Splint coals are generally considered to be 
non-coking. 

When carefully observed with the naked eye or with a hand lens, 
splint coals are seen to be composed largely of a dull granular attritus, 
intercaleated with numerous thin sheets of anthraxylon. Microscopi- 
cally considered, the attritus is composed of an opaque matter to which 
this type of coal owes its characteristic nature. In ordinary thin sections 
the opaque matter appears under the microscope as a homogeneous 
opaque mass in which are embedded numerous spores, some cuticles 
and a certain amount of transparent humic matter, all interlayered by 


a 
: 
4 
: 
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the sheets of anthraxylon. In exceedingly thin sections the opaque 
matter is resolved into a heterogeneous mass consisting of more or less 
definite particles varying greatly in size, form and transparency. 

The anthraxylon sheets are relatively thin, varying in thickness from 
not more than a few millimeters to microscopic size. 

The attritus of the splint coals is therefore largely composed of opaque 
matter, with spores, transparent humic matter, cuticles, and resin parti- 
cles in minor proportions (Figs. 9 to 22) in sharp contradistinction to 
the attritus of the ordinary humic coals, which ordinarily is composed 
largely of transparent humic matter, with spores, cuticles, resins and 
opaque matter (Figs. 3, 4 and 5) in minor proportions. 
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DISCUSSION 


M. R. Campspeiyt, Washington, D. C., inquired as to whether the bands of dark 
and light coal are due to different plants or to different conditions in the coal bogs. 


Dr. TurmssEn stated that he believed that the material giving rise to the opaque 
(in thin section) material came from a given plant or plant constituent, and that 
different types of coal are due to different types of vegetation. 


A Member inquired as to the opaque part under the microscope. 


Dr. Turessen stated that in splint coal the background remains opaque until 
extreme thinness is reached, when colors from red to grayish appear, depending on the 
thickness of the section and the intensity of light. 

A Member stated that in heating thin sections in the microfurnace, the groundmass 
changes, becoming more opaque with rising temperature and reaching complete 
opacity at 300°, the plant remains, cuticles, spores, etc., remaining unchanged. In 
splint coal the coalification has progressed further than in cannel coal. 


Dr. THIESSEN pointed out that the opaque particles differ in splint coal in shape 
and character from those in bituminous coal. 


D. Wuirrt, Washington, D. C. (written discussion).—Durain, one of the four 
“‘ingredients”’ of Paleozoic banded coals, as described by Stopes in 1919, is not only 
complex in composition—it is anomalous. As originally defined it was to embrace 
the dull laminated layers, when the latter are relatively thick. 

At the Second International Conference on Bituminous Coal held in Pittsburgh 
in November, 1928, the author of the foregoing paper, who had been studying micro- 
scopically a number of British and German coals as well as coals of this country, 
announced that durain was a peculiar substance not present in any American coal; 
that we in America had no durain in our coals. Besides noting that this conclusion 
seemed ineredible, I then expressed the view that the opacity of the attrital layers, 
on account of which they were called durain by him in the European coals, was due 
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entirely to the stage of progressive carbonization of some of the matter in the attrital ; 
(dull) laminae. All of the coals in the higher bituminous ranks become more and : 
more opaque as carbonization advances. More recently the absence of durain from 
American coals has been reaffirmed. ae 

On reading Dr. Thiessen’s paper on splints, I see no reason for a change in my 
views. It will, I believe, later be fully demonstrated that opaque areas in the attrital 
bands are more widespread, with further development of opacity as the coals approach 
and pass into the coking ranks. The American splints which Dr. Thiessen is describ- 
ing and illustrating with such remarkable distinctness appear to have arrived at the 
stage of carbonization indicated by 61 or 62 per cent. of fixed carbon in the pure coal. 
They are nearing the ‘‘coking”’ rank, as that was recognized in “beehive” oven days. 

The suggestion that durain may be due to the presence of certain types of spore 
exines in the coals is confronted by the fact that the spore exines present are them- 
selves still translucent in all parts of the attrital layers. At best, in looking for a 
special substance, we perhaps can go no further than to assume the presence of some — 
product which, in the process of carbonization, becomes opaque a little earlier than 
most of the associated matters in the attrital bands. I can not now recall any com- 
modity likely to be present in the Pittsburgh and Harlan County coals that should 
not be present both in middle and lower Pottsville coals on the one hand, and in other 
late Pennsylvanian coals on the other. Aside from the Calamariae, which range 
through the entire Pennsylvanian, there is no known species of land plants that I 
have found present both in the upper Pottsville coals of Harlan County and in the 
Monongahela formation, which includes the Pittsburgh bed. Tree ferns, represented 
by fronds of Pecopteris, are abundant in the Monongahela and Dunkard formations. 
They might contain large quantities of glandular secretions, but Pecopterids are 
relatively rare in the upper Pottsville. The Neuropterids and Alethopterids are not 
only common to both—they range through the entire upper Carboniferous of the 
Appalachian trough. A 

Obviously, complete intergradation will be found between the normal humic coals 
and the splint type, which is composed mainly of attrital matter, including many 
spores, together with relatively few and thin bands of humified wood, which appear 
as glistening vitreous lenses and streaks, representing, as Dr. Thiessen points out, the 
“glance” coal of Germany and the vitrain and bright bands of the ‘‘clarain”’ of the 
Stopes classification. Some of the splints appear to grade into canneloid phases, 
though the typical splint appears to be laminated, with considerable fusain—in 
layers, as usual. The characteristic granular irregular surface may be due to its 
relatively homogeneous attrital composition, and its grayish fracture, due perhaps 
in part to the character of the fractured surface, would appear to be a product-of the 
stage of carbonization. What is called durain, with similar opacity and physical 
aspect, will undoubtedly be found in Mesozoic and Tertiary coals of similar conditions 
of formation and of the same stages of carbonization. 


Commercial Classifications of Coal’ 


By F. R. WaputeicH,* New Yorks, N. Y. 
(New York Meeting, February, 1930) 


THERE are in commercial use today in the United States various 


classifications of coal, each based on one or more characteristics. The 
bases of these classifications may be described as follows: 


GENERAL Basis EXAMPLES 

1. Geological By seams and basins (local). 

2. Chemical By constituents, as determined by 
analysis—ash, volatile, sulfur and 
heating value. 

3. Combustion Characteristics As free-burning, smokeless, character of 
ash. 

4. Carbonization Characteristics Coking, noncoking. 

5. Physical Characteristics Splint, soft, hard, block. 

6. Geographical States, Fields, Counties, Districts. 

7. Sizes By dimension or name. 

8. Company Names Producing or sales company names, as 
“C. C. B. Pocahontas,” etc. 

9. Trade Names, copyrighted or not 

10. Uses Gas, steam, coking, locomotive, fuel, 
bunkers, etc. 
‘11. Use Methods Stoker coal. 
12. Pools (Tidewater Exchanges) 
Analyses Size Seams Railroads 
Uses Structure Districts 
There are also classifications founded on more than one basis, as 
follows: 

1. Geographical and Geological. By locality of mines (State, District, County) and 

seam. i 
Examples: Cambria County, Miller Seam, New River, Sewell Seam. 

2. Geographical and Chemical. Alabama medium volatile. 

3. Combustion Characteristics and Ash Content. Free-burning, red ash (anthra- 

cite). 

4. Carbonization Characteristics and Analysis. Noncoking, high-volatile, low sulfur. 

5. Physical and Carbonization Characteristics. Splint, noncoking. 

6. Size and Use. 34-in. gas coal; domestic sizes (prepared sizes); steam sizes. 

7. Company Name and Seam. Consolidation Co., Elkhorn. 

8. Size and Analysis. Low-volatile run-of-mine; low-volatile slack. 

9. Sizes—size of screen and name. 6 by 3-in. lump. 

10. Chemical and Use. High-volatile steam. 
11. Geographical and Use. Youghiogheny gas. 
12. District, Size and Use. Pittsburgh gas 114-in. lump. 


* Consulting Engineer. 
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d Size. 
15. Seam and Size. “Chilton. lump. | 
16. Trade name and Use. Roda Gas. ve 

17. Company name and size ‘(anthraci ite). 
18. Trade name and district, as i Adinalig New Bate: Ai : 3 


The most commonly used general classification is t 


Semianthracite...... RD eta tstos er oree ae ae Ae Ps 


rae Semibisuminousheemese sees ere ce ae ee ore are see Pach ee 
+ ' Bituminous mediumrvolatile................-... oi 5 Ree 

. Bituminous high: volatiesoags. {8L ... 0 7. eee we ehied A 
Subbituminous........ MaPRUPIERE. aot oe Gn feet e eee ees 

z ignites os seee eee Cee ce eee eee ee 2 ats 
‘i Gannek. 2). 5) 2 Pe eee ees Teens 


In order to illustrate the use of the different coal classification ba 
just listed, there are given: 5 

1. Table of market descriptions as listed for price quotatidees 

2. Tidewater Coal Exchanges Classification by pools. 
3. Group classification of U. 8. Eastern coals available for export. 
- 4, Ore and Coal Exchange Classification of coals at Lake Erie po 
for water shipment. > 2 

5. Commercial classifications of British, Geant Belgian and ~ 
French coals. se ; 


CLASSIFICATION AND DESCRIPTION OF COALS FOR PRICE QuorarioNs 


The following table of market descriptions was prepared for use by a N 
trade publication in giving weekly spot price quotations; it is intended to 
include all coals of the United States except those on the Pacific Coast 
and in Texas. 


Spot Prices of Coal, f.0.b. Mines a 


Anghraciie, Prices, per Long Ton; Bituminous, Tidewater Pier and Bunker Prices, 
per Long Ton, f.o.b. rs 

Piers—f.a.s. Bunkers 

May 26 June 2 June 9 ’ 


MARKET 
Description or Coan QuotTEp 


Low-volatile run of mine Navy standard..Pool 1, Hampton Roads, New “York, 
Philadelphia 

watah eae Pool 2, Hampton Roads; Pool 11, New 
York, Philadelphia, Baltimore 


Other low-volatile run of mine 


Low-volatile nut and slack.............. Pool 3, Hampton Roads 

High-volatile run of mine............... Pools 5, 6, 7, Hampton Roads 
High-volatile lump: 5... ..5. 5.0.2 eee Pools 41-43, Hampton Roads 

Superior low-volatile run of mine......... Pool 9, New York, Philadelphia, Baltimore 
High-grade low-volatile run of mine...... Pool 10, New York, Philadelphia, Balti- 


more 


..Pool ne pos ‘Roads, ‘New. ons, 
_ Philadelphia, Baltimore , # 


oe AEA eR Och 3, ae ae 
Superior low Elation f . Pool 9, New York, Philadelphia, Baltimore 
I -grade low-volatile.. fut tPeol 10: New York, Philadelphia, Balti- 
more 
ee Other Lmevolevesn ch Sle ae Pool 11 and Pool 18, New York, Phila- 
ee delphia, Baltimore 
eis fray -voR tte, r.o.m., Hampton Roads, Boston on cars. 
_Low-volatile, r.o.m., Penna., all rail Boston f.o.b. mines. 


Fer aiealas 


x New River, W. Va.: lump, egg, Chicago, Cincinnati, Cleveland, Columbus, 
Nef nut, mine run and slack, _ Detroit, Upper Lake Docks 
- Medium-volatile (25-31 per cent. ) 
Pennsylvanias Se ee ‘New York, Philadelphia, Baltimore i 
AHigh-volatile, Pennsylvania —e. 
’ Pittsburgh Gas: 34-in. lump, ia7an! : 
DAD ede OMe SIACIG- pease. neice 0 choco Pittsburgh 
‘¢ Pittsburgh Steam: 34-in. lump, 4 
ao | 1%4-in. lump, r.o.m.,slack........ Pittsburgh 
** Panhandle Steam: lump, r.o.m., ear 
co peeslack- domestic lump. \.s.\-te. sa Pittsburgh 
es _ Westmoreland Gas: 34-in. lump, m.r., 
we PIR YE ees SS one Se eS geen ota Pittsburgh 
ss Bessemer (thin vein): 34-in. lump, 
or 1}4-in. lump, r.o.m., slack....... Pittsburgh 


West Virginia 
Fairmont-Morgantown Steam: 34-in. 
umnyo, nO, SACh a e anteeecnsate oye New York, Philadelphia, Baltimore. 


a Fairmont retry 34-in. lump, r.o.m., 
a ae Se a Pa ke apres eal New York, Philadelphia, Baltimore. 
Bam Kanawha-Logan-Thacker: lump, 2- 
a in. lump, egg, r.o.m. gas, r.o.m. Columbus, Cincinnati, Chicago, Cleveland, 
—- steam, slack, r.o.m. by-product. Upper Lake Docks. 
Eastern Kentucky and Eastern 
z _~ Tennessee: block, egg, r.o.m., Cincinnati, Chicago, Cleveland, Upper 
steam, 2-in. lump, slack. - Lake Docks, Louisville. 
f= Ohio 
2 Hocking Pomeroy: lump, r.o.m., slack Cleveland, Columbus, Chicago. 
: Pittsburgh No. 8:lump, r.o.m., slack. Cleveland, Columbus, Chicago. 
Indiana 

; Indiana No. 4: lump, egg and nut, 
- EL LLG Kee, etait By toate je a= Chicago 
Indiana No. 5: lump, egg and nut, 

TER Sc ge) CW pe cage a Shr oe eR Chicago 
Western Kentucky: 6-in. lump, 3-in. 


lump, egg, nut, m.r., 1}4-in. screen- 
Chicago, Louisville, St. Louis. 
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Spot Prices of Coal, f.0.b. Mines.—(Continued) 


MARKET 
DerscrirrTion or Coau QuorTED 


Illinois- 
Southern Illinois: lump furnace, small 
egg, stove, chestnut, pea, carbon, 
1\4-in. screenings, 2-in. screenings, 


Bnd oy Ae a OTN OR CE AIBN Ee BI Chicago } 
Central Illinois: domestic sizes, steam 
CG oy MT, SCLCCUIN GS si. vag, crass Chicago 


Belleville (standard): lump, m.r., 
steam egg, steam nut, screenings. . Chicago, St. Louis. 
Northern Illinois: lump, egg, m.r., 


SCECCNINES Weds e spate eee te aa Chicago 

Alabama 

Cahaba: m.r., washed, lump....... Birmingham 

Carbon Hill: m.r., washed, lump... Birmingham 

Black Creek: m.r., washed, lump... Birmingham 

Big Seam: m.r., washed, lump..... Birmingham 

Prats 70.0, WasbeGe aga =r e Birmingham 

Corona: r.o.m., washed, lump...... Birmingham 

Montevalios lump. sna. nen sneer Birmingham 
Kansas 

Cherokee Deep Shaft: lump, nut, m.r., screenings. 


Towa 
Des Moines District: 8-in. lump and egg, screenings. 
Centerville: 8-in. lump, screenings. 
Arkansas: semianthracite, lump, nut, slack. 
Paris: lump, Spadra deep shaft, grate and egg, No. 4, range, chestnut. 
Missouri: Novinger, lump, nut, m.r., screenings. 
Huntsville: lump, m.r., screenings. 
Colorado 
Walsenberg, Canon City: bituminous 
Crested Butte, Maitland, Routt Co.: lump, nut, chestnut; Horace furnace and 
baseburner anthracite, special brooder mixture, chestnut. 
Trinidad: all prepared sizes. 
Elk Mountain Furnace: baseburner, chestnut. 
Oklahoma 
McAlester: lump, nut, chestnut, slack. 
Wilburton: lump, nut, chestnut, slack. 
Henrietta and Dewar: lump, nut, slack. 
Magic City (Tulsa): lump, nut. 
Superior (LeForge County): semianthracite lump. 
Wyoming 
Rock Springs: lump and stove, nut, m.r., slack. 


», f.0.b. sean rela tant Spe Riven Wise Courses (Va.), a ea 
ae ovens—Connellvile, New River, Wise County (Va.), Alabama. 


SDunith, (Sumas or New Vark: domestic, foundry. 
Z 4 Boston: foundry and crushed, f.o.b. ovens, Everett or W. Va. delivered. 
i ae Buffalo, Nock Indianapolis, St. Louis, Ashland, Ky. and 
aE = a ag Ohio: domestic, Foundsy. 


TipewaTER Coa ExcHancGEs, Poon CLassiFICATIONS | 


E The so-called ‘‘Pool” classifications were put into operation on 


ee 1, 1917, by the Tidewater Coal Exchange, which was organized as 


Z a war measure to handle all bituminous coal shipped to Atlantic tide- 
water ports. The main purpose of the Exchanges was to assist the — 


~ railroads in handling tidewater coal by expediting movements and saving 


7 


ee eet Ue! ee 


in use of transportation facilities. 

After the war (May 1, 1920) the Tidewater Coal Reelin ne: Inc. was 
created to handle Pdswater shipments over certain railroads at Baltimore, 
~ Philadelphia and New York, while separate exchanges were later fee nized 
at Newport News by the CG. & O. R. R.(July 8, 1920), at Lamberts Point 
by the N. & W. R. R. (Dec. 1, 1920) and at Sewalls Point by the Vir- 
ginian R. R. (July 1, 1921); in cooperation with shippers of coal on the 


railroads named. 


The classifications Haonted by the Exchanges, dividing the coals into 
pools entirely for commercial use, were based primarily on quality (as 
shown by analysis and heating value determination) and uses; sizes, 
structure, seams, producing districts and railroads and tidewater ports 
also entered into the classification, of which a complete list is given below. 

In the Tidewater Exchange classifications, not only were the coals 


~ elassified but all mines were classified by pools. While the Tidewater 


Exchanges have all gone out of existence, some of the pool classification 
numbers are still used by coal trade publications, some individuals and 
coal sales companies, in giving out market quotations. 

The pool classifications served their general purpose, but they were, 
with some exceptions, often inadequate, incorrect, and misleading, and 
were the source of considerable trouble and litigation. At the same time 
these pools represented the first systematic attempt at commercial 
classification in the United States and may be used as a basis for further 
efforts, for which purpose they are given in full. 

The first pool classification of the original Tidewater Coal ee ean 
made effective in July, 1917, was as follows: 
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Consigning Pool Numbers 
Hampton Roaps 


Originating on Chesapeake & Ohio and Norfolk & Western Railways. 
American standard low-volatile;r.m... .,2 4-5 sb 0 aos oualaete atl. ee 
Other low-volatile:steam)r,miv. 2). 207-2 eels oe Se eee eee ie 
Low-=Volatile slack. 20 (ce taee sate, ag oo epa elke tene oe acne eer ea etn 
Low-volatile by-product, rms. 2-21... ia ake eee ee 
Taggart seam ZAG, V.M.).155 aisha ial. ie ae . atte eke sal ge eee erate 
Splint hump. 32.../7 sate sei eh STR ol ete es 
Other high=volatile gas, ram... .os¢).cqnses.o Jae ~ eee eee 
Other high-volatile steam, Ym... ..Jisseteset- a neta en eee 
Other high-volatile by-product, r.m 

Originating on Virginian Railway. 
American standard low-volatile, r.m 
Pocahontas: SCAM 605/526 Ma or sssse ear ele e <tebele © oe tee eee 
Other low-volatile, r.m 
Low-volatile slack 47 fouc. schtyg oh Qe. 2 Ye ee ee eee ee 
High-volatile.steamn, Dil... ch.vscsursira cin crac tg note cee 
Eagle seam low-volatile, r.m 


New YorK, PHILADELPHIA AND BALTIMORE 
Originating on New York Central R. R. 
American standard low-volatile, r.m 
Other-B seam, RUT 2ed <e0 Siege a am ah aes este eee a eee ae 
C prime and D seams, r.m 
Other low-volatile, r.m 
By-products) ry. s5 is Be a hs Pe rasa are eee Ae ee er ee 
Originating on Buffalo, Rochester & Pitisburgh Railroad. 
American standard low-volatile, r.m 
By-product, rans ou oh. vias ats lboaracd 05 ra a ees ace ee 
Coal loaded otherwise than through regular tipples having track connections, 


Pittsburgh seam, r.m 
Other coals, r.m 
Slack; ama. ocd calcd sal gente dagiohosehe pa a hese alae 
Originating on Pittsburg, Shawmut & Northern, Pittsburg & Shawmut and Buffalo 
& Susquehanna Railroad, r.m 
Originating on Pennsylvania Railroad. 
American standard low-volatile, r.m 


CeO OMe TEC a SCE a ee oe) Oh aCIeC ich 
Codd ales eisai weho) ok 4 pais), ewe, wie lal m #60, e ETRE CA) Sea era ah 
ce Sb ale ee ure 0 eet eens fe ane 


Haaren and Broadtop, r.m 
Low-volatile by-product, r.m 
Low-volatile slack 


avo 
: 


‘et 


prime seam, } a . 
D and E seams, rm... Sask Nant Weed se Sig Aisne nie ae TR RR ee Set DS: 
Other low-volatile, r.m............... Loam pals se a RieuphiPesels, RANE ENS ECW eae 24 
High-volatile Dye Prout Fei toss ai R a OP he OER RL 
sod Low-volatile by-product, r.m : Ge 
at Youghiogheny gas 34-inch 
» _ Marion Co. gas 34-inch 


2 Other high-volatile Bee ab CREE Sr RR ee ee Po Re ES 34 
SMR CMC TGr Hig OLA BG SRC ctor, More iS sy ces cath dale gO IES see panes Tiss eh 35 

: Originating on Cumberland & Pennsylvania and Georges Creek & Cumberland. 
American standard low-volatile, ED rater ieee sg: oe a. Cee ec of eR HAE 1 
Otben Pivtepirge and Dyson vets Telco. aul so sy aree Sd yents een sy bas oe 39 
Other mares G80 EOD, cu Aish ci semi i ast ®t i AR A oe A SR 24 


The Tidewater Coal Exchange classifications were revised on March 


> 18, 1920, as follows:! 


Coals on the N orfolk & Western, Chesapeake & Ohio and Virginian Rail- 
ways and Connections 


, Sizn Poot No. 
American standard low-volatile (mines on Navy acceptable 
THEI ca BB. 5.» oct Tale ina ens en Se Epes LAP teal Rae a rm. 1 
Other high-grade Pocahontas-flat Top, Tug River and New 
AUIVOLROM VOLT erie eee schol ei tare atta! «ia eiahes ake aden TO, 2 
Pocahontas No. 3 seam low-volatile (on Virginian Ry.)..... r.m. 2-P 
Tow-volatile slack: -.:..2....600...... Toei hints eee slack 3 
Ela rinevOla tthe Amn ietey are ac. fae e eclae oo count arden, cranny afuiges r.m. 5 
ERP OLN le BB EMAS seis es aya ods ee ey See tlde eee tee se rm. 6 
biveteOlaplerby=products one. unc rae N, oe hese cokes r.m. fa 
‘Eagle seam (on Virginian Ry.)................. pein. hes rm. 8 
Coal loaded otherwise than over regular tipples having track 
~ connections (wagon mines)........ cok tay Ae Nc ert Nee rm. 13 
Piige-volabie Gar IAC. 20k cb eas ween e Ne Teena ene slack 32 
Bigeevolatne steam slack i.e. sie ements slack 35 
MOTE SCAG AS ate scree ewe col ete yen te Says aye. Syn siie ot - rm, 39 
Tageartspeam (OnN,) ho WeRY.) ers aes > Ging e ses te ce r.m 40 
High-volatile steam lump... 2... 6.000. c esses wees enone lump 41 
Medium grade Pocahontas-flat Top, Tug River and New 
IVE M LOW NO lGILG meen trtece rd ore tic Precio wie sree a wr. cas r.m. 42 


co ee ee ee eee ee 
1U. 8. Bur. Mines Bull. 230 (N. H. Snyder) contains a chapter on Tidewater Pool 
Classifications, which gives much of the information detailed in the following pages. 
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Coals on the Norfolk & Western, Chesapeake & Ohio and Virginian Rail- 
ways and Connections.—(Continued) 


Size Poot No 
High-volatile gas lump..........0- 00s sees sneer e eens lump 43 
Pocahontas-Flat Top, Tug River & New River low-volatile. lump 44 
High-volatile steam egg...... 0.6.0.0 e eee tee ese eee e eee egg 51 
Figh-volatile gasiege <i wit eshte oats ha eae egg 53 i 
Pocahontas-Flat Top, Tug River and New River egg...... egg 54 : 
Medium grade high-volatile steam..............-+-+...5-- r.m. 56 
High-volatile steam nut .....0.. 02 «ae oasis tease ee eee nut 61 
High-volatile gas nits... ee cic crete opie. eke aera nut 63 
Pocahontas-Flat Top, Tug River and New River nut...... nut 64 
Pocahontas-Flat Top, Tug River and New River pea...... pea 84 


Note.—All mines shown herein under Pools 41, 43 and 44 for Lump size coal must 
ship their Egg size coal to Pools 51, 53 and 54, and their Nut size coal to Pools 61, 63 
and 64, respectively; and Pool 44 mines must ship their Pea size coal to Pool 84, as 
Pools 41, 43 and 44 are reserved exclusively for Lump size coal and no smaller sizes 
of coal will be accepted in these pools. 


Coals on Baltimore & Ohio, Western Maryland, Pittsburgh & Lake Erie, 
Cumberland Valley, Cumberland & Pennsylvania Railroads and 


Connections 
Sizu Poot No. 
American standard low-volatile (mines on Navy acceptable 
Vat yee 5 eA Ete ie ee rm. 1 
Somerset! C2? rime ns. 00 fo eny ccekiess alent Ud apes ean eee r.m. 9 
Superior low-volatile a; irre eens en fee ee ee cee r.m. 10 
Good: low-volatilegigss “POC cores i ce ee r.m. 11 
Fair Jow-volatile:: 22 0:.. yb deminende ee ene ee ee r.m. 18 
Low-volatile slack (From Pools 1, 9,10 and 11)........... slack 20 
Low-sulfur gas (Pittsburgh district)...................... eit 31 
slack 32 
High-volatile steam (Fairmont-Pittsburgh seam).......... 34-in. 33 
rm. 34 
slack 35 
Low-sulfur gas (Pittsburgh district). .........:...2.0uee. 34-in. 36 
Marion Company gasi)t. face aeeeban eal crane eee 34-in. 37 
rm 38 
High-volatile Northern West Va. (Kittanning and Sewickley : 
BEAMS) 1S deldaveaueh en are Mok Ante eran Cae Se ee 34-in, 43 
rm. 44 
slack 45 
Low-sulfur illuminating gas (Westmoreland-Youghiogheny 
Gistricts) .\... + svears 0,4) 6 bate eee ee eee eee 34-in, 60 
rm. 61 
slack 62 


Superior low-volatile (mines on Navy supplementary list). . rm. 71 


eae bean earn ele eee AA SSM wile Pile) Ss ile 2, *) SITS (0) 9) *) 9.6 .0)\e) ef) (6 = "s) 0'4) si's!'9) 


feiieyreimiie)e.a) 1: (61 ie, oie)! je. »ja\le\ je! 's),e.)8\ ©: 6) © jal oie) 0 le) & e118 =! 0 10) 0 


a ‘Greensburg BAAR of oils 64 SOCAeY 9, hd OS Sel ON MeN 


- Illuminating gas coal (Max. sulfur 1% %) Westmoreland- i 
Irwin Basin district. Ebyin cack bs sei ee ee 34-in. 60  : 
z TT) 61 
a : ; slack 62 
Superior low-volatile (mines on Navy supplementary list).. rm, (gk 


— Coals on New York Central; Buffalo, Rochester & Pittsburgh; Cambria & 
Indiana; Pitisburgh & Susquehanna Railroads and Connections 


Sizp Poot No, 

American standard low-volatile (mines on Navy acceptable 
ASSES cee a a ee rm. 1 
an eat ew icey aoe CRRA al (ao Nae Salt a epee rms eee 4 
CC. and D. seams (N. Y. C., B. R. a A a Oita ieped Eat ite i) Pins 10 
Other good low-volatile (N. ye Cars & I ery & Scere: r.m, i 
OO elas 0 Ppedin ds ta nr ae PAULL Ook bho Pe rm. 12 
Pittsburgh seam (B. R. & P., P. 8. & N., B. &S., P. & Shaw) rm. - 14 

- Fair low-volatile steam and Rw R. ae (N. x. cy Cac, 

bars. LPO Fit i raeetted eee aN Pes he! Bogs bets doo ayn nie eisiets r.m. 18 
(SE ne ea ee I ee slack 20 
Superior low-volatile (mines on Navy supplementary list). . Teas 71 


Tidewater Coal Exchange, Inc., put into effect on March 15, 1921, 
the following classifications: 
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Description of Pools 
Size Poot No. 
American standard low-volatile (mines on Navy acceptable 
Lit) eT ks AR APE i OO toe ere Rae niet te: tated r.m. 1 
Superior low-volatile (N. Y.C., P.& 8.,C. & L.).......... r.m. 4 
Superior low-volatile, all other roads.................+.-. r.m. 9 
High-grade low volatile, all roads............7.........-. r.m. 10 
Low-volatiles all 08d... a2 aq-rscn se 2 Berea epee = eae rm. 11 
Superior medium volatile, all roads.....................- Ti. 12 
Medium volatiles alliroads'., cee crane teeter eerste r.m. 14 
Other medium volatile coal, all roads.................... r.m. 15 
Other low-volatile coal, all roads...................-.... r.m. 18 
Slack coal from low-volatile mines (in Pools 1-4-9-10-11).. slack 20 
High-volatile steam coal (Fairmont & Pittsburgh Districts) . rm. 21 
34” lump 30 
Slack coal from Pools 34-38-44-54-64..................- rm. 31 
Rairmont; low-sulfur eas coalt.. see ek ieee slack 32 
34” lump 33 
Greensburg, high-volatile.................. AR maine 3. rm. 34 
slack 35 
High-volatile steam coal (all seams)..................... 34” lump 37 
rm 38 
Superior high-volatile coal (Sewickley, Kittanning, Waines- 
burg:.é Freeport. seams) an. a. tener teeters ne eee 34” lump 39 
r.m. 40 
34" lump 43 
r.m. 44 
Westmoreland Irwin Basin and Youghiogheny low-sulfur 
illamima-tinoy as coalesce. nee iee sever kere ene Sk 3 omp 53 
Tn. 54 
34” lump 60 
r.m. 61 
Pittsburgh and Redstone seams, hard-structure gas coal.... 34”” lump 63 
r.m 64 
Mines'on Navy supplementary lstyjo.osce.. one rm. 71 


The Newport News Coal Exchange, Inc. Classification, as revised, 
effective March 1, 1922, was as follows: 


Description of Classifications 


Sizn Poot No, 
Standard New River low-volatile......................-. r.O.m. 1 
Other high-grade New River low-volatile................. r.0.m. 2 


Standard and other high-grade New River low-volatile..... Lump and egg 44 

Nut and slack 3 
fk etch Se eae 7r.0.m. 42 
Meadow River and other low-volatile coals............... Y.0.m. 12 

Note.—Analysis on this coal will compare favorably with Pools 1 and 2 but will 
average a much higher per cent. of slack and fines. 

Standard high-volatile gags... 12s sin reeareeee ae r.0.m. is 
Standard high-volatile gas and by-product................ Lump and egg 45 
Standard high-volatile gas and by-product................ Nut and slack 37 


Lump and egg 
Nut and slack 32 
See Oe r.0.m. 
pean, pacha r.0.m. ’ 
Lump andegg. 46 ye 
Nut and slack 36 | . 
r.0.m.— 6 7 
Lump andegg 41 ; ua 
‘Nut and slack 35 } 


oT ative! e ane Point Coal Exchange coal classifications, effective o 
is December 1, 1920, were as follows: . 


4 A vr ‘ e 
ar _ Description of Classifications 
Size Poon No. 

: nerican standard low-volatile Gnines on Navy acceptable 
OGIO OS rausk S405 Sete aA OOS toe tak ak ae ea ne ed rm. 1) 

Other high-grade Bacahantas Fini Top and Tug River low- 

SHOES 52 Beene ets Ear coe ey CERN ee ee r.m. 2 . 
Te ONE MS BIA 2 on fain ante Had olan ed yn dle oye» bene Lk ; slack 3 | 

& ‘Medium grade Pocahontas-Flat Top and Tug River eae 
SERRA ee = AE tte er a a ii, al ee eee re ra 4 
eee Huigh-volatile-gas ii... 1 jas p2%,. 2% oe pits ic tea oe ae pet Take see eb 
RE Lip bro Lev itles Sten Tiin 2 fee spain ale ape pp teak F oianel syne Seo aad tele vyeee r.m. 6 
“s ig ola lou oy yapLo Guts. dc% asus to aydl- Poeys gl Sysyeals weeny: alles. ee rm. i 
Peel iagii=vola tile) pag Slack <5 sicker. 5 5s yoda s s14)h ee. ja) antisne' jatey Sayers slack 82 
4 High=volatile steam.slacks.. 51.2 Godse ste oe baie as One slack 35 
MRL 2erar ad Mele baht Selb doe Aaliyah KA AowAirt tof blak « r.m. 40 
High-volatile steam lump. Pe EGO Ee CCT Ee RRA lump 41 
Pigh-volaulegasdmin ps ius. pigiciin a die. Shp oie Swlersee a0 fe lump 43 
Pocahontas-Flat Top and Tug River low-volatile lump..... lump 44 
Felis eve atale: StCAMa COG 5 lias cpdide sys, onan apsarok els apenyhs egg 51 
et ALG LAGOR cary evi a vax. price yn ile mana Hecmueiny + egg 53 
Pocahontas-Flat Top and Tug River egg................. egg 54 
_ Medium grade high-volatile steam....................... r.m. 56 
High-volatile steamrmuts 0 es. eee nut 61 
Pieeeveniowead utenti rn Sh. eee, nut 63 
Pocahontas-Flat Top and Tug River nut........ Pease estes nut 64 
Pocahontas-Flat Top.and Tug River pea.........,....... pea 84 


The Sewalls Point Exchange put into effect March 15, 1921, the first 
commercial classification of coal based on standards established by tests 
of the U. S. Government, in cooperation with the U. 8. Bureau of Mines. 
This classification, however, applied only to coals shipped over the 
Sewalls Point piers of the Virginian Railway. 

- Of these coals, 90 per cent. was classed as low volatile, 5 per cent. 
medium volatile (not over 32.50 per cent.) and 5 per cent. high volatile. 


ee NN EY ee ae ey a 
> ; : \ 
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The pools, with their descriptions and specifications were as follows: 


Sewalls Point Standard Pools 


; 
| 
| 


| Pool No. | Size | Specification 
Sewalls Point standard low-volatile.......... | 1 r.o.m. i . 
2 r.o.m. 2 ; 
4 r.0.m. 4 
Low-volatile slack........... eke eat Meeaere 3 slack None 
Sewalls Point standard medium volatile...... 8 r.0.m. 8 


Specification 1.—Low-volatile run-of-mine coal from mines which on the average of 
all tests of the Sewalls Point Coal Exchange for a given mine shows more than 
15,500 B.t.u. per pound of moisture-free and ash-free coal and which maintain a 
standard of ash in the dry coal analysis of not more than 7.50 per cent. of ash as 
determined by test of the Exchange. Coal with respect to size, coarseness and 
preparation thereof shall not be detrimental to the pool. 

Specification 2.—Low-volatile run-of-mine coal from mines which on the average of 
all tests of the Sewalls Point Coal Exchange for a given mine shows more than 
15,500 B.t.u. per pound of moisture-free and ash-free coal and which maintain a 
standard of ash in the dry coal analysis of not more than 8.50 per cent. of ash as 
determined by test of the Exchange. Coal with respect to size, coarseness and 
preparation thereof shall not be detrimental to the pool. 

Specification 4.—Low-volatile run-of-mine coal from mines which on the average of all 
tests of the Sewalls Point Coal Exchange for a given mine shows more than 15,500 
B.t.u. per pound of moisture-free and ash-free coal and which maintain a standard 
of ash in the dry coal analysis of more than 8.50 per cent. of ash but not more 
than 12.50 per cent. of ash as determined by test of the Exchange. Coal with 
respect to size, coarseness and preparation thereof shall not be detrimental to 
the pool. 

Specification 8.—Medium volatile run-of-mine coal from mines which on the average 
of all tests of the Sewalls Point Coal Exchange for a given mine shows not less than 
15,400 B.t.u. per pound or more than 32.50 per cent. volatile both on the moisture- 
free and ash-free basis and which maintain a standard of ash in the dry coal 
analysis of not more than 8.50 per cent. of ash as determined by test of the 
Exchange. Coal with respect to size, coarseness and preparation thereof shall 
not be detrimental to the pool. 


All other coal which does not meet the specifications of the pools as enumerated 
and set out above must be shipped as unclassified coal. 


Standard Analyses 


Dry Coal 
Moisture, Volatile, Fi ’ 5 
Pool |) Pep Gantt | ber onkuk: Bee Gontens Uncen allie B.t.u. 
1 18.50 75.50 0.75 6.00 14,700 
2 2.50 17.50 74.50 0275 8.00 14,400 
4 15.00 73.00 0.75 10.00 14,100 
8 28.75 63.25 0.90 8.00 14,300 


eS 0 c all deliveries over a period in which an 
ee a will be ne the standard SaeaaN will be very: 


: Beecid of aes matter—low, medium and high—and a range of 
analyses (content) was given for each class. Tidewater shipping ports 
_ were” given for each group with the corresponding pool classification. 
Group I.—Anthracite classed by sizes, with range of analyses for each size. 
Group II.—Pennsylvania Coals: Shipping Ports, New York, ae ae Balti- - 
"more. . 
Low-vouaTILE coALs, 15 to 25 per cent. Included in the following pools: 
eral LO LS; d 


eS Analyses 
cea Moisture sper Celine 2.84 ee. wills ded hs Sh bas os aed 5 1to3 
a Volatile matter, per cent.............. BEF cont Chee 15 to 25 
ial Fixed carbon; per cent............... 4005 ig. Stat ldo 78 to 61 
, ee COME Mo. oih SoS TESS 5 Se TE SS Fe a ‘wey GitoslL 
ys SHUG PCMCE Diba. gists cars oko ema pas ce MS 0.7 to 2.50 
‘ TRtatl s Glia. ecamn Skanes e Seed Oca rom cit Racer Seat cere 13,500 to 14,600 
FA SHR IAIN PRHSUN Ds suet oy he cihes eicce lees arashelel cas a edeteoneales 2,200 to 2,900 
x MeEpIvumM-voLATILE Coats, 25 to 30 per cent. Also from the Central Pennsyl- 
Ps vania district. Included in pools 15, 12 and 14. 
e Analyses 
eet WAC we Or GOR ats sin dae ne eet vei s 1 to 3.5 
; Rev Ola tile MACLEr, PER CONt. seat cei cc sale. or eee gale 25 to 29 
Bixcdrear bons Pel COMt aa). hemje sc eile. eis theve che euceten 66 to 58 
a ENG i YEE RAL ST Us SORE GEE cee Rs PVG SP PR 7 to 11 
_* STVLUAVER A oes SI ie Ak Miinadicecott, oie acer to Mier IRIon Miele Bere 0.7 to 1.50 
Bef. - eases rye sens TT Sh ee ta eM 14,400 to 13,600 
Ach fasmgetape wd lores. vie. Wideband »seliaiels.s 2,720 to 2,190 


_HireH-vouaTiILe Coats, 30 to 37 per cent. From several counties in Western 
Pennsylvania, mainly from Pittsburgh, Youghiogheny and Westmoreland dis- 
tricts, and from the Pittsburgh bed. Pool classifications: 39, 40, 54, 60, 61, 64, 


30, 31. 
‘ Analyses 
INGistUKe DOL Comb wer ctw Ais. is ee sto otttagin uaegr ays Ges 1 to 4 
Wolattemmatter, Der CeNtia. ce: camiquch: Worcese. Hokey t 30 to 37 
: ix edecam DOMs pel, CON. vs et ssjatiie vies lnate' sate 62 to 57 
4 AS Weg CIR COMMU Meme ttorratsesusisnes, yattinje aisha aatiose o, o'e: 6.5 to 10.5 
3 CUE Geet? EET oh a 0.7 to 2.0 
PORE TOSS a ae ee i ea 14,400 to 13,500 


2,100 to 2,600 
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Standard Gas and Coking Coals 
Westecteland Youghiogheny| Connellsville 

Gas Gas Coking 
Moisture, per Cente. a: a5 © ey oie eecrvenrrerens 2.15 1.15 1.26 
Volatile: matter, percent:-..--cueiu eres 33.80 35.10 31.80 
Fixed carbon, per cent.......5..........0-. 57.50 57.65 59.79 
Ash) uperjcentss ii. 21 i Like. ve 2 cele OR eee 6.55 6.10 7.16 
Sulfur, per. center): eseeereuee dares 0.97 0.78 0.53 - 
Beth eid hyeca ct. bea eek ke keeietee 14,301 14,151 0.024 


Group III.—Northern West Virginia and Maryland Coals. Shipping Ports, 
Baltimore and Philadelphia. 


Low-vouLaTILE Coats, 15 to 25 per cent. Pool Classifications: 1, 9, 11, 18. 


Analyses 
Moisturey percents 9 aie ee oan ee ota a ee 1 to 3 
Volatile matter, percent 7). seen on 15 to-25 
Fixed: carbon; per cent.2..... oi ce rivet ee ee 77 to 60 
Ash). percent... bole Cs cae nadie or creic teint ae See aes 7 to 12 
Sulfur, percent. ao. 0. pee ae Lee 0.7 to 2.50 
Bales OLS eatehu hey evs he he eee ee eines eee 13,700 to 14,600 
Ash fusing tonipl, bie sees tte aetna ae ee 2,400 to 3,100 
HicH-voLaTILE Coats, 30 to 38 per cent. Pool Classifications: 37, 38, 54, 64. 
Analyses 
Moisture; per Gentine ote so See ee Sere eee eee 1.5 to 3.50 
Volatile:matters per. cents: G.ciae ass eee ae 40.00 to 38.00 
Fixed) carbon; per cenit. secmc oe case cans eens 48 .00 to 56.00 
‘Ash® perieents.h & 247s 1.5 babe Oe Ae Se eee 6.5 to 11.00 
Sulfur, persGenit< <4: .0.nGae bia ee 0.9 to 3.50 
Bit dry Ta eb wk... dee See en a eee 13,200 to 14,250 
Ash: fusing temyp,,: “Haw, St gece Ged cee eee 2,010 to 2,410 
Standard Fairmont Gas Coals 
Moisture .eis.ocenteinidt. ceed aah asians ee cine wero ee 1.15 
Volatile:matter? :./.0.0 wits, hie Accel eid eer are nae 36.60 
Fixed: carbon i .:.% »./isis utah Ce eae ae ee 55.88 
ASH ais ay Sister «de. 0 lerviiolea il lec raRs ren eect gS a ae 6.27 
Sulllurccge eng Lik See sie Rye ee IS ea eo 0.876 
Bibi tia ATV gsie ger nds visttons: ekg eee ae ee ee 14,300 


Group IV.—Shipping Ports: Norfolk, Va., Southern West Virginia Coals; Lam- 
berts Point, Norfolk & Western Railway; Sewalls Point, Virginian Railway; Newport 
News, Va., Chesapeake & Ohio Railway. 


Low-vVoLaTILE Coats, 16 to 25 per cent. Pool classification: 1, 2, 3, 4. 


Analyses 
Moisture, per Centiieie..6: 0 ee ee ee ee 1 to 3 
Volatile matter, percent.) <. )< wen cae eee 16 to 25 
Fixed carbon, per cent..4: apt nee eae 79 to 64 
Ash,‘ percents... 22s cite Dee ee 4 to 8 
Sulfur, ‘per cent). 505 2). schon cee ent tee en 0.5 to 1.25 
Bit, dry ved oe ae eee 14,400 to 15,000 


Ash fusing ‘temp.,)° E25 cee eee eee 2,200 to 2,900 


2 t% Gm, “~~ ais eaten’) 


rPayete Raleigh and Wyotine counties, West Virginia x 
ave fi 


A 
a 


Analyses 


Pheahomin N ew River 


Pattee Beate 2.64 2.58 5 
le At ie dry basis, per cent.......... 18.56 20.32 _ 


carbon, per SeMbern iene tie ca pies 74.80 74.10 gore. : 
6.14 5.58 Bets: 
0.68 0.82 2 

14,800 14,825 


pee 


u 
_Ash-fusing Temperatures 
La Bureau of Mines reports, mine samples 
Pocahontas New River 
73 ' 38 
é 269 148 
[ “Fusing ape Es oats, bas UOTE Ae gee aN 2100 to 3010 2080 to 3000 
CO rer ag cist ett a Se Oe se 2440 2540 
ee 
pee MeEpIuM-voLATILE Coats, 25 to 30 per cent. 
Pee Analyses 
<a Moisture, per cent...... Spa ar hae eR RRA a 1.00 to 3.50 
ee Wolatile-wmatter percent. .....-.. 06. .us0. ce reece 25.50 to 29.00 
S eiieeerarbony per CeMtscw....-dyiadienys:svtis- sees 66.00 to 62.00 
%; SPAS uO CTRC EMD titer A aiocs accede os wiahsl <a lole was onapenn hn Faye 4.00 to 8.00 
Z PMU ROE ee hae suceelS w eo et Siok te ek a 2 walls ays 0.7 to 1.6 
Beata? (Va DARIGE), pre ceremy ante eS Fe eens aks Whenierae 14,400 to 14,700 
ANUP SS TERS UTY OG 5104 Oy poo Uni openers ERE oy Rn ot ear 2,360 to 2,960 
x POST NOMS tree eM weir yerr scl) eran Boat yen te, uate gene os 0.005 to 0.010 
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Hrau-vonatite Coats, 30 to 38 per cent. Pool classifications: 5, 6, 7, 56. 


Analyses 
Moisture; per cents <u cy cae eet aoe 1.0 to 3.5 
Volatile matter, percent. ......0 507... ~~ - 82 to 36 34 to 38 
Rixedicarbon, per Celt aerei t sete 57 to 62 56 to 54 
Agha par Gont e564... tae mane ane eee 4to9 7 to 10 
‘Sulfursper Centra. fo ahs-clve deena ees 0.6 to 1.60 0.5 to 1.4 
Btw; GLY se ea aati see erate ateges 13,900 to 14,600 | 13,700 to 14,300 
Aghifusinetem pt, shines. ete oie eerie 2,200 to 2,850 2,410 to 3,010 
hee a se ee ee EEE eee 
Typical Analyses, Coal As Shipped 
Best Kacghn| Set ee ee 

Moisture, as received, per cent. ” 2.07 1.60 3.72 1.47 
Volatile matter, dry, per cent... 34.20 32 .22 29 .38 36.23 
Fixed carbon, dry, per cent..... 60.12 60.62 65 .47 56.53 
Ash, dry, per cent............. 5.68 6.24 5.14 7.24 
Sulturydryspericentia.ne.: oo 0.60 1.40 0.9 0.57 
Phosphorus, dry, per cent...... 0.0045 0.0045 
Bits. eo ee 14,354 14,480 14,370 14,303 
Ash fusing temp., mine sample, 

Ss eee nr ee 2,690 2,960 


Group V.—Southwest Virginia (not West Virginia) and Eastern Kentucky Coals. 
Shipping Ports: Norfolk, Va., Lamberts Point, Norfolk & Western Railway; 
Newport News, Chesapeake & Ohio Railway; Charleston, 8. C. Small tonnages are 


also shipped from Savannah, Ga., and Jacksonville, Fla. 


The coals in this group are all medium and high-volatile, from 28 to 40 per cent., 
but differ considerably in structure and character. Among them are found some of 
the best gasmaking and by-product coking coals in the world; many of them are excel- 


lent steam and locomotive fuels; others are much used as domestic fuels. 


Analyses 
Moisturesper cent..”. .c. ecient: Cleaners eaters 1.5 to 4.0 
Volatile matters percent. ..s.. nee eee eee 28 to 40 
Ash, Der Gem ws ods sac aft nie, het rR eo ae 3 to 10 
Sulfurspercentivs vsiccass » sad elect ciate ea 0.5 to 1.7 
Bitataod rye: set, Agha eee ler scree aaa ae 13,450 to 14,500 


Woe As a aN gS horn aclu F 2,180 to 2,940 


ns Oe AU onl 


as ee 2 


/ Clinehiiela | Harlan G 


ents, Ph Coe eo telleego ee 2.69 


31.97 35.50 35.70 
carbon, dry, per cent........ wee eilewG 1.62. 1 5y 4b 59.97 a 
CN PEF COME Whe hws se ets 7.41 7.05 4.33 = 
(APY PETiCON th Maisto kon wee Cte Acheter e 0.44 0.68 0.85 ‘tar 
ry eee aera SR one ae . 14,100 14,344 acy | 
Ree ters Lee ns sleet. eee Piers 27 Osan ae 2421) 2,700. ‘ae 


Group VI.—Alabama Coals. 
Shipping Ports: Mobile, Pensacola, New Orleans, Jacksonville. Exports of these 
- coals are as yet small and most of the shipments have gone to Cuba, West Indies, 
3 Mexico and small tonnage to South America. 

a 


Analyses < 

Moistures percenty cee ee aera hae oulee iach 2 to 5 ’ ? 
Bs Volatile matter, per cent..... ee ta ese ey 26 to 35 ” 
PC PIReACALDOR, DOTICONT re. gadgets er sess eee seks eee 60 to 53 : 
—, ASH spermcen tie ee Ck verte oa oa eee oe ne 6.5 to 12 : 
<a CUI OF CONUS Ne filters sie Feels es ces ea ee ae oe 0.70 to 2.7 
pity Bet Ae pe ee, SCR. te a tue Bye Pheer . 14,400 to 12,840 
ee Anh fusing temp ye Poh: «dled osmerks oe ee a 2,180 to 2,950 


Typical Analyses, Coal as Shipped 


3 Gere Bick, | Gebsbs | pratt coking | Blue, Creek 

% Moisture, as received, per cent.. 1.30 3.50 2.70 2.85 

: Volatile matter, dry, per cent... 33.70 32.50 27.50 26.60 

Fixed carbon, dry, per cent..... 61.25 54.69 63.25 60.90 

me Ash, dry, percent:............ 3.75 9.40 6.55 9.65 

Sulfur, per cent..../..0.0....- 1.15 1.00 1.20 0.70 

7 22> ie ae 14,400 13,200 14,150 13,500 
Ash fusing temp., °“F..........". 2,530 2,420 2,430 2,690 


LAKE CoALs 


In addition to the Tidewater Coal Exchanges classification, the 
coals shipped from the Lake Erie ports to the Northwest and Canada 
by water were also classified, using much the same bases as the 
Tidewater Exchanges. 

The Lake Classification was put into effect in June, 1917, by the Lake 
Erie Bituminous Coal Exchange, afterwards (1918) the Ore and Coal 
Exchange; this Exchange has continued in existence and is now operated 
by the railroads at their own expense but without pool classification. 


Pia 
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Lake coal comes from six states: Pennsylvania (anthracite and 
bituminous), West Virginia, Kentucky, Tennessee, and Ohio, and from 
the following seams: ; 


Pennsylvania: 
Anthracite, all seams 
Bituminous: Kittanning (3) 

Brookville Pittsburgh 
Freeport (3) Redstone 

West Virginia: ; 
Alma Kittanning, Lower, Stockton-Lewiston ; 
Cedar Grove No. 2 Gas Winifrede 
Chilton No. 5 Block Sewell 
Coalburgh Pittsburgh Fire Creek 
Eagle Powellton Beckley 
Freeport, Upper Redstone Pocahontas Nos. 3, 4, 5, 6 
Freeport, Lower Sewickley Welch 
Cedar Grove 

Virginia: 
Banner, Upper Taggart 
Banner, Lower Pocahontas Nos. 3, 5 
Imboden Harlan 

_ Kentucky: : 

Amburgy Harlan Keokee 
Blue Gem Hazard Nos, 4, 6 Millers Creek 
Doan High Splint Straight Creek 
Elkhorn Nos. 1, 2, 3and 4 Jellico Wallins 
Flag Kellioka Whitesburg 
Haddix 

Tennessee: 
Blue Gem Mingo 
Coal Creek Red Ash 
Dean Rich Mountain 
Jellico Sterling 

Ohio: 
Brookville Pittsburgh 
Upper Freeport Quakertown 
Middle Kittanning Redstone . 
Lower Kittanning Sharon 


Lake coals were classified into 99 pools according to railroads delivering to Lake 
Erie ports, districts, use, seams, size (grade). 


Orr AND Coat Excuancr List or Coat Poors 
Poou 


1&2 Hocking and Pomeroy thin vein 34-in. lump 
Hocking and Pomeroy, all mines fresh slack 
West Virginia splint mine run 

Hocking thick vein 34-in. lump 

Hocking No. 7 vein 34-in. lump 

Hocking thick vein mine run 

Hocking thick vein mine run 


aNoork w 


es s spe hci run 
Gas slack 
_ Gas Mt. Carbon mine run 
_ New River-Pocahontas, thick vein ee 
Pocahontas thick vein nut 
New River and Pocahontas thick vein mine run 
_ Slack, or nut and slack 
Pocahontas Tug River district, lump 
— 25 Nut — , ae 
ar 26 Mine run . A 
27 - Nutand slack orslack = ey 
28 Pocahontas thick vein egg 4 
29 Pocahontas Tug River district egg 9 
30  ~=- Elkhorn thick vein mine run 
31 Big Sandy and Millers Creek lump 
#32 All by-products coal, including Harlan & LaFollette mine run 
33 All thin vein Kentucky slack 
. 84 Hocking thin vein lump 
85 Hocking thin vein slack 
36 Jackson thin vein lump 
ay) All thin vein Kentucky slack 
38 Elkhorn thick vein mine run 
~ 39 Elkhorn thin vein mine run 
40 Pittsburgh: Gas, 34-in. 


or 40 34-in. 
: AL Slack 
_ - 42 ~~ Pittsburgh Steam, 34-in. 
Bi. 43 Slack 
ae 44 34-in. 
Bee 45 Greensburg lump 
s 46 _~ Greensburg mine run 
Saree aaa By-product 34-in. 
a" .48 (Klondike Region) coking coal 
= 49 (Connellsville) mine run 
a 50 No. 8 34-in. 
51 No. 8 slack 
a 52 Gas by-product mine run 
54 No. 8 stripping 
“4 55 Hazard Kentucky lump 
56 All other Kentucky domestic lump 
57 Kentucky steam mine run 


58 Kentucky gas mine run 
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Orr anp Coat Excuance List or Coat Poots—(Continued) 


60 Amsterdam 34-in. 

61 Amsterdam slack 

68 Goshen slack 

69 Cambridge mine run 

70 Cambridge 34-in. 

71 Cambridge slack 

72 Goshen 34-in. 

73 Coshocton 34-in. 

74 Butler-Mercer district slack 

75 Butler-Mercer district 34-in. 

76 Freeport 34-in. 

77 Freeport slack 

78 Freeport mine run 

79 Freeport (by-product) mine run 
80 Kenova & Thacker, splint lump 


81 Mine run 

82 Slack 

83 N. & W. Ry. by-products lump 
90 Fairmont steam, 34-in. lump 

91 Gas slack 

92 Gas 34-in. lump 

93 Other than Pitts seam 34-in. 
94 Mine Run 


MISCELLANEOUS LISTS 


The United States Fuel Administration (1917-18) is responsible for 
another classification of coals, as used to fix prices. This classification 
was based on: 

1. Location of mines as to state, district, county, township and 
location of individual mines. 

2. Seams mined. 

3. Size of coals: (a) run-of-mine, (b) prepared sizes, (c) slack 
or screenings. 


Coal Classification by Uses 


In making a satisfactory commercial classification, the question of 
use must be carefully considered; its importance is made obvious by the 
number of uses to which coal may be put and by the fact that use is 
today the most universally accepted basis for commercial classification. 
The various uses of coal may be classified as follows: 


Commercial Uses of Coal 
STHAM-MAKING 


f Hand-fired. 

{ Stoker fired. 
Hand-fired. 

Stationary plants; Stoker-fired. 

Pulverized coal. 


Power: Locomotives 


. 


ra ee coke ovens. 
_ Gasmaking retorts and generators. 


_ Producers. 
_ Water-gas generators. 


‘The British Government coal consumption statistics are given on a 
~ somewhat different group use basis, as follows (Report of the Royal 


wv " 

_ Commission, 1925): * 

cake ovens (metallurgical coke) - Blast furnaces (pig-iron manufacture) 7 

Gas works : : Collieries (power) ‘4 

Manufactured fuel © Miners coal 7 
Electricity generating stations Domestic Use 


Railway companies (for locomotive use) General manufacturers and all other 
Vessels engaged in coastwise trade purposes 
(bunkers) Foreign bunkers 


1 Motallarzionl and Manufacturing Processes—Heating, Boiling, Dear Molting, 
Freezing (Solid or Pulverized Coal): 


Tron and steel manufacture: furnaces and forges; coal solid or pulverized. 
Other metals, smelting and refining (including smelting and forging); furnaces. 
-— Cement manufacture: kilns; coal solid or pulverized. 
P Glass manufacture: furnaces; coal or pulverized. 
4 Brick, tile and pottery manufacture: kilns; coal solid or pulverized. 
E Paper manufacture. Chemical processes. 
Fr Textiles (bleaching, dyeing, finishing). Lime. 
5 


Bread and bakeries. Petroleum refining. 
- Refrigeration. _ - Rubber manufacture. 
~~ - Another U. S. Government classification based on use is one that 
: originated with the U. 8. Geological Survey, classifying consumption of 
coals by groups of consuming industries, as follows: 


Anthracite 
Power and heat at coal mines. 
Railroads. 
Artificial gas plants. 
Electric utilities, including electric railways. 
Domestic trade (domestic sizes not included elsewhere). 
Steam trade (steam sizes not included elsewhere for heating and industrial use). 
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Bituminous 


Power and heat at coal mines. 
.Mines and quarries, other than coal. 
Railroads. 
Public utilities: 
Electric, including electric railways. 
Gas. 
Beehive coke plants. 
By-product coke plants. 
Bunkers: 
Foreign. 
Coastwise and Lake trade. 
Iron and steel works, not including coal for coke. 
General industrial and other unspecified uses. 
Domestic consumers. 


CoMMERCIAL CLASSIFICATIONS OF FOREIGN COALS 


GREAT BRITAIN 


Based on kind (bituminous and anthracite), size, production district and shipping 
port, seam, use, structure, quality. 
For market purposes, the classifications are as follows: 


South Wales 


Steam Bituminous Anthracite 
Best Admiralty large No. 3 Rhonda large Best large 
Bests Seconds No. 3 Rhonda smalls Seconds large 
Drys—Best No. 2 Rhonda large Red Vein large 
Dry—Ordinary No. 2 Rhonda through Machine made cobbles 
Best Black Vein large No. 2 Rhonda smalls French nuts 
Western Valleys Stove nuts 
Eastern Valley Machine beans 
Steam smalls Machine peas 
Coking smalls Rubbly calm 


Washed duff 


Swansea District 


Steam Bituminous 

Best large Large 

Best through Through 

Best smalls Smalls 

Northumberland 

Best Blyth screened, steam and house Tyne second steams 
Best Blyth smalls North North’d. steams 
Blyth second steams North North’d. smalls 
Best Tyne screened steam and house North’d. unscreened (for bunk) 
Best Tyne smalls F Northumberland nuts 


Tyne second smalls Northumberland smithies 
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Notts, Derby and Yorkshire 


Best South Yorkshire hards Smalls, washed 

West Yorkshire Hartleys Rough slack 

Yorkshire screened steam : Nutty slack 

Trebles, washed Best Derbyshire large 
Doubles, washed Screened steam, f.a.s.. 
Dry nuts Grimsbyor Lummingham 


Singles, washed 


; Durham 
Best screened steam Durham bunkers, best 
Second screened steam Durham bunkers, ordinary 
Durham gas coal (wear special) Coking coal, unscreened and smalls 
Durham gas coal (Tyne second) Peas and nuts 


Durham gas coal (Tyne prime) 


Lancashire, Yorkshire, and Derbyshire 


Best Lancashire steam screened Best Derbyshire hards 
Number unscreened Slack, dry 
Best South Yorkshire, hards 


Scotland 

West of Scotland Fifeshire Lothian 
Ell coal (best) . Best navigation screened First Hartley 
Best splint Second navigation screened Second Hartley 
Second splint Best navigation unscreened Trebles 
Best navigation screened Second navigation unscreened Doubles 
Best steam screened First navigation smalls Singles 
Best Hartley First class steam Pearls 


Third class steam 

' Treble nuts, washed 
Double nuts, washed 
Singles and beans 
Pearls 
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BELGIUM 
Industrial Coals 


Coking coal: 
Washed ernialliss (OS. o cieye over stat ces lca ote sen naitenotton steer 


Gas Coals: 
Washed ‘smalls'0/8..... <7. eRe gone cis dn Oe ees 
Unsereened 25 per centini c= <: oo sae cmb csy as eee 
BO PEM CONG A S-..hs ae wick etna oe see aerate eee en 
gas. 25 pericentan. See. cornu a rea ee =e 
gas’ Sb per cent. ..ccles c asniscesckacle eae eee 
Nuts-50/80\ mine ce rect: onic corte ae, eee eee ae eee 


Bituminous: 
Unsereened 25 per cent). v.22, ace Se eee ee ee eee 
Cobbles*50/80) mim... rane oie ere oe eee 


GERMANY 
1. Anthracite 
2. Pitcoal (bituminous) 
3. Brown coal (lignite) 
Market descriptions. 
1. By districts and mines. 
2. By sizes 
Run of mine, with different percentages of lump. 
Lump, large 
IND el MU Diee Lvs 
Mixed 
Smalls 
3. By use 
Coking 
Gas 
4, By flame character 
Flaming or fat coal (low volatile) 
Gas-flame coal (high-volatile) 
5. By preparation 
Washed (by sizes) 
Unwashed 


Approx. ANALYSIS 


OL., HH, 
Per Cent. Per Cent 


18/24 8/10 
18/24 12/16 
18/24 12/16 
18/24 10/12 
18/24° 10/12 
18/24 10/12 
18/24 10/12 
18/24 10/12 


ee 


28/35 8/10 
28/35 12/16 
28/35 12/16 
28/35 12/16 
28/35 12/16 
28/35 10/12 
28/35 10/12 
28/35 10/12 
28/35. 10/12 
28/35 10/12 


13/15 12/16 
13/15 10/12 
13/15 10/12 
13/15 10/12 
13/15 10/12 
13/15 10/12 
13/15 10/12 
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FRANCE 


Market classifications of coals produced in France; these do not include indemnity 
coals or imported coals. 


Industrial Coals 


Raw Coals: (Flaming, vol. mat., 32% and over; bituminous, vol. mat., 20% and over) 
Duffs, 0/10 
0/20 
0/30 
0/50 
Unscreened, 20/25 
30/35 
Dry peas, 20/40 
Washed Coals (Flaming, vol. mat., 32% and over; bituminous, vol. mat., 20% and 
over) 
Duffs, 0/10 
0/20 
Peas, 10/20 
10/30 
Smithy, 10/30 
Domestic Coals 
Screened, 10 
20 
40 
80 
Lumps and gaillets 
Unwashed cobbles, 40/80 
20/80 
Washed peas, 20/40 
nuts, 30/50 
beans, 20/30 
Raw coals (Semibit., vol. mat., 13 to 20%; quarter-bit., vol. mat., 11 to 13%; lean, 
vol, mat., 11 per cent. and under) 
Duffs, 0/10 
0/30 
0/50 
Unscreened 20/25 
30/35 
Dry peas, 60/30 ; 
Washed Coals (Semibit., vol. mat., 13 to 20%; quarter-bit., vol. mat., 11 to 13%; 
lean, vol. mat., 11% and under) 
Duffs, 0/10 
0/30 
Washed Coals (With 1/3 peas, semibit., vol. mat. 12 to 20%; quarter-bit., vol. mat., 
11 to 13%; lean, vol. mat., 11% and under). 
Duffs, 0/30 
0/30 (Semiwashed 15% ash) 
Peas 10/30 
7/20 
26715 
5/10 


The aie? in ean country app es on oa 
as well as coals. Paar § 
India 
The grades fixed by the Indian Board are as follows: 
Low-vOLATILE } 
Selected grade: Up to 13 per cent. ash and over Up to 11 per ce: 
7000 oo or 12,600 B.t.u. eal. or 12,240 B. 


Se 6 per cent. moisture. 
e Grade No. I: Up to 15 per cent. ash and over Up to 13 per cent. ash; ov 


6500 cal. or 11,700 Btu. eal. or 11,340 B.t.u. pe 
é 9 per cent. moisture. thy 
“a Grade No. II: Up to 18 per cent. ash and over Up to 16 per cent. ash; ove: 5C 
eis 6000 cal. or 10,800 B.t.u. eal. or 10,800 B.t.u. and I 


Led 


10 per cent. moisture. ; 
Grade No. III: All coals inferior to above. a 


South Africa 


The Coal Act No. 27, which became operative Sept. 1, 1922, provided for: © 

1. Compulsory grading of coal intended for export or for bunkering. 

2. Appointment of a committee to control grading. 

3. A monetary levy upon the various collieries, based upon the tonnage pores 
to defer the expense of grading. _ 

The classification adopted was somewhat similar to that used in India, but full 
details are not at present available. They will, however, be secured as soon as possible. 


# 


: 
= 
4 


CoNCLUSIONS 


It is obvious that the establishment of a commercial classification 
of coals that will be simple, comprehensive and accurate will be a difficult 
matter; it is equally obvious that such a classification is needed today. 

As to the proper bases to be used: in all classifications now in use, 
four characteristics are apparently most generally included; 7. e., use, 
locality and seam, percentage of volatile matter, rank or class. To 
combine these bases in an accurate, clear, nontechnical and brief classifica- 
tion system would seem to be at last one method of attacking the whole 
problem and might lead to its satisfactory solution. 


a 
—— | 


DISCUSSION 


N. G. Atrorp, Pittsburgh, Pa., on inquiring as to whether the paper was offered 
as a recommendation for adoption was advised that it was not. 
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Commercial Description of Pennsylvania Anthracite 


By E. W. Parxer,* PHILADELPHIA, Pa. 


(New York Meeting, February, 1930) 


ANTHRACITE, as sent to market, comes under three general terms of 
description: characteristics, source and size. 

Anthracite is generally classified as white ash, red ash, or Lykens 
Valley. The white ash coals are sometimes further described as “hard” 
or “‘free-burning.” Lehigh white ash would come under the former 
description and Shamokin white ash under the latter. As a rule, it may 
be said that the nearer the origin of the coal to the western extremity 
of the anthracite region, the softer and more free-burning it is. Indeed, 
for many years the coal from Trevorton, at the western tip of the Middle 
Western field, was classified as “‘semianthracite”’ in the shipment reports. 

Lykens Valley coal is always a red ash coal, with a higher volatile 
content than the general run of anthracite, and consequently free-burn- 


ing. The name does not exclusively indicate the neighborhood in which 


the coal is dug, but rather refers to the beds from which it is obtained. 
These beds lie, not above the Pottsville conglomerate, as is the rule, but 
encased init. The extreme eastern limit of the Lykens Valley beds would 
seem to be about Tremont, in Schuylkill County, and the Natalie mine, 
near Mount Carmel. There are, of course, traces of these beds farther 
to the east, but they do not seem to be workable. There are as many as 
six of the Lykens Valley measures found in the conglomerate at some 
points, but to a large extent they are unworkable. Whether this coal 
is obtained in the Lykens Valley proper, where the beds were first identi- 
fied, or from the Shamokin Valley, it is always Lykens Valley coal, and 


it has long been considered a premium coal, especially desirable for 


domestic use, particularly when a quick, hot kitchen fire is desired. 

Coals are, of course, frequently marketed under special names—Jeddo, 
Seranton, Kingston, Old Company Lehigh, Famous Reading, Lacka- 
wanna, ete.—which, of course, have the trade significance which their 
producers and vendors have built up. 


GENERAL DESCRIPTION OF THE VARIOUS COALS, WITH NAME OF 
Sram AND Propucine District 


This is partly covered in the paragraphs above. Lykens Valley coal 
is produced from one or another of the six Lykens Valley beds lying within 


* Director, Anthracite Bureau of Information. 
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ES alee of bites County and in 


County, principally by the Susquehanna Collierie 


delphia & Reading Coal & Iron Co. It is also produced: 

Valley, notably at the Cameron and Luke Fidler mines of 

hanna Collieries Co. and at the Natalie mine of the Colonial Colli 
White ash coal is produced in all parts of the anthracite ‘region. 

supplied by every characteristic bed beginning with the C, Gam n 


including the Holmes. This, of course, embraces the Mannie 
which itself supplies a good percentage of the total anthracite ; 
The extent to which white ash coal predominates may be pathenesatt f on 
the following figures, as reported by Daddow & Rannate 


Asie SENT gray ash” or “pink ash” bed. 
On Broad Mountain, in a total thickness of 100 ft. , 75 ft. are whites ash. | 
At Beaver Meadow, the entire thickness of 45 fi is white ash. “i 
At Mahanoy City, out of 84 ft. total thickness, 58 ft. are in white ash. 
In general, it might be said that the anthracite beds in the Pottsville 
basin can be listed thus: : ine 
1. Little Buck Mountain. This is the first bed above the Pottsville _ 
conglomerate. Redash. Next, in the ascending order is: a 
2. Buck Mountain. Red ash, at least in the lower bench. "hg 
3. Five-foot. White ash. = ie 
4. Skidmore, known as Wharton in the Lehigh region. White ash. 
5. Mammoth. The predominant bed of the anthracite region. 
White ash. 
6. Seven-foot, by some regarded as a mere split or leader of the 
Mammoth. White ash. 
7. Holmes. This is the last true white ash bed in the ascending order. 
8. Primrose. This bed is variously known as a gray ash ora pink ~ 
ash, according to situation. 
9. Orchard. Red ash. 
10. Little Orchard. Red ash. 
11. Diamond. Red ash. 
12. Tracy. Red ash. 
13. Little Tracy. Red ash. 
14. Gate. Red ash. 
15. Sandrock. Red ash. 
For other districts, Daddow & Bannan (Coal, Iron and Oil, pp. 169 
et seq.) give these figures in their various columner sections, and in 
ascending order: 


TABLE 1.—Thickness, in Feet, of Various Beds 


E 4 a |b fs 33 a) 2 
e Garey Ol Se Oa ee SN ecieee | con Soh g | a. 
Sia"|S[ 2 le@|a/e | SIRS ala | als] a 
mp Wyouling Basin. 9.000... MES VS a Was OR a ea ee oi 
_ Beaver Meadow............ 7| 8} 30 
eee Hazleton oh. ecco cheno ? | 12} 6) 8} 30 
(TOMS CRIT a0 einai ae ee eae 11] 10} 12} 30 
en Mahanoy,City............. 8 | 8] 16] 10| 25] 7 | 12] 8 
Bee Locustdale...........-.. .-:| 6 | 16) 6| 10) 25] 7 | 121 8] 6 
meramoti ss... LPS | 12°44) tase Sls |'6 
. Mamaquar ys. 2.6.08 0. S Se 5 8) 15) 8} 23) 3 | 12) 5 | 3] 6 
> Broad Mountain ...:.:..:.. TN 18) P1689 60 
4 otievalle ss sects. tre eniooe| 106,51) 8),32)4.) 10) 6.103) ) 7.) 924.) 918 
= In the Pottsville basin there are two small beds between the Little 
4 Orchard and the Diamond; two more between the Little Diamond and 
the Tracy; and two more between the Little Tracy and the Gate. The 
3 **E”’ bed of Daddow & Bannan (Mammoth and Seven-foot) is known as 
the Baltimore bed in the Wyoming Valley. The Gate vein, peculiar 
¢ to the Pottsville basin, has been variously known as the Salem, Spohn, 
~~ Peach Mountain and Lewis. It produced a coal especially favored for 
4 domestic purposes in Philadelphia a century ago. 
4 _ Dr. H. H. Stoek made a summary of the characteristics of the different 
anthracite fields, which are summarized here: 
7 Northern, or Wyoming-Lackawanna: Impossible to give the whole 
number of workable beds, but 81.8 per cent. of total coal in this field 


is marketable. 


marketable. 


7. v4. GG" we. 


a 


Eastern Middle, or Lehigh: 75 to 77 per cent. of total thickness 


Western Middle, or Mahanoy-Shamokin: Total coal measures 1200 ft. 


thick, with 10 to 12 beds. : 
glomerate. About 75 per cent. of total thickness is marketable. 


Lykens Valley measures. found in the con- 


2 out le “— 
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which is not the same thing as recoverable—at various p p 
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TABLE 2. —Total and M. aeaaan Thicknesses a 


Deuce Total Thickness, Feet | Amount Mar 
Pottsviller.:- See rege fo ee ee es 108 
TAaAMaquases.. be awe eke ae eee ees 109 
Shamokint 25. shea tase ge oe ee eee 70 
Shenandoaliis. hinescu.c ear On eee 113 
Wilkes-Barre ts..:5: ten ginees ae ae ae 85_ 


PHYSICAL CHARACTERISTICS 


It is impossible to tie down the physical characteristics of anthracite, 
at least with respect to appearance. Its fractures range from flaky and 
shelly up to nearly cubical. Conchoidal fracture predominates. Its 
color ranges from a clear, shiny black, into bluish and grayish tinges, with 
or without luster. These characteristics not only vary from place to 
place, but they vary as between two beds in one mine, or even as between 
two points in the same bed. It has been a sort of mining tradition that — 
the cubical and conchoidal fracture was characteristic of coal from the 
Wyoming-Lackawanna field, while the flat was more abundant in the 
Southern field. In the same way the jet color has been held character- 
istic of Wyoming coal, and the blue or gray tinge of Southern field coal. 
Yet, the Diamond bed in the Pottsville basin is hard, pure and shiny, 
with conchoidal fracture, and in the Little Tracy the coal is good and 
clean, with few faults or impurities, while in the intermediate Tracy bed 
the coal is soft and shelly. 


SouRCES 


In this respect, anthracite is usually spoken of as ‘‘fresh-mined,” 
“washery,” and “dredge” or “river” coal. The names are virtually 
self-explanatory. Fresh-mined coal is that which is mined, prepared and 
shipped in a continuous process. Washery coal is that reclaimed from 4 
culm banks. If it was good coal in the first place, and the washery 
preparation is up to par, washery coal is a good fuel, since anthracite 
does not deteriorate upon exposure. Dredge coal is fine material 
recovered from creeks and rivers fed by water from the coal region, 
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vhich carries down more or less solid material from dirt banks. This 
aimed coal, if really clean, gives good results, but the difficulties in. 
noving sand, ash, and other impurities scooped up by the dredges 
metimes prove almost insuperable, to the detriment of the fuel value of 


4 x 


he product. 


SIZES 


Anthracite is finally classified commercially with respect to sizes. 
The standard testing screens for ‘domestic coal are given below, all 


_ meshes being round: 


Through, Inches Over, Inches 
HET OCOR REE ne fic, .cchbnn eid toed SRO acta tants AN 6 3K 6 
Egg ee snenbuis ose ina! visio daWa oi'8's).6{ ahaa) loike) Wid (shaipeusd awe 8 y=) siye sabi 3 iy 6 2 87 6 
SROs Re Oe NR Ge Ng eo ee re 26 1%6 
. Chestnut........ Se cent ee ers 1%6 14, 
Peat TA Ree ee yee ane res. 146 84 


_ In breaker operation some smaller coal will necessarily be carried over 


_ the screens. Standard preparation permits of not more than 15 per cent. 

of undersize in Broken, Egg and Stove coal, and not more than 10 per 
cent. in Chestnut and Pea coal. Standard preparation also provides 
_ that Egg coal should not contain more than 3 per cent. of bone and 


2 per cent. of slate, Stove coal not to exceed 4 per cent. of bone and 3 per 
cent. of slate, and Chestnut not to exceed 5 and 4 per cent. respectively. 

Below these ‘“‘domestic sizes’ there are, in the descending scale, 
Buckwheat No. 1, Buckwheat No. 2 (Rice), Buckwheat No. 3 (Barley) 
and down to silt. Mixtures of smaller sizes are sometimes classified as 
“boiler coal.’’? In addition, lump coal is still made, though in decreasing 
quantities and usually only on special order. This is coal in lumps 
about the size of a man’s head, and it is in such small demand that in 


1924 only 13,209 tons were shipped and in 1926 the total was only 5187 


tons. In 1928 the production of lump coal was too small to report 


_separately. When anthracite was a blast-furnace fuel this was one of 


the standard sizes, running into seven figures in total shipments of 
30,000,000 tons and even less (1,273,104 net tons in 1864, for example). 


Use or ANTHRACITE 


The bulk of anthracite production, of course, goes into domestic 
consumption, and aside from any distinct trade which may have been 
built up by the use of a trade name very little has been done—or prob- 


ent tastes, which dealers keep in mind when buying. Bu 


Sat et MEW; ti whe ye ai red ash, | 
hard and free-burning, as described. Different: market 


v 
can handle an anthracite fire actually has but little choice between 
ash and red, or between a hard anthracite and a moderately free-k 
one. It can readily be seen, too, that where the districts have any 


ise of profit ake the Mammoth is available. To a peste aes 
therefore, anthracite is anthracite, just as “pigs is pigs.”” Several be 
are sometimes worked from the same shaft at the same time, the ent 
product going through the breaker without discrimination. a, 4 
With respect to sizes, it might be said that anthracite can be furthe: 7 
classified with regard to the uses for which it is best adapted, thus: a al 
Broken: For large hot-air furnaces, as in churches and halls; gas 
manufacture. 
Egg: The best all-around fuel for domestic hot-air furnaces; gas a 
manufacture; brass foundries. Ss 
Stove: The standard domestic fuel, especially for heating plants, 
whether hot air, steam, or hot water. 
Chestnut: Domestic fuel, serviceable in heating plants of all descrip- 
tions, and especially adapted to kitchen ranges and small stoves. 
Pea: Economical fuel for laundry stoves, small heaters for hot-water i ’ 
tanks, and especially useful for mixing with Chestnut coal when it is | 
desired to hold a fire without forcing. : 
The smaller sizes, from Buckwheat No. 1 down, are known collectively — 
“steam” sizes, although Buckwheat No. 1 has proved its value as a 
domestic fuel when used in steam or hot-water heating equipment fitted © 
with magazine feeds or with mechanical stokers. The smaller sizes are 
suitable for the boiler rooms of factories, either by themselves or mixed . 
with bituminous coal, and are especially desirable for low-pressure heating _ 
systems, as in hotels and apartments where safe, clean and efficient 
fuel is demanded. 4 


APPROXIMATE TONNAGES PRODUCED oF EacH Sizk or ANTHRACITE 


The bulk of the tonnage is, of course, white ash. What the propor- 
tions are is hard to say. As to proportions of sizes, the answer is easy. 
The total shipments in 1928, according to the United States Bureau of 
Mines, were 59,364,00 tons, as compared with 67,249,000 tons in 1926, 
and 68,971,000 tons in 1924. The quantities and percentages of the 
different sizes in these years were as shown in Table 3. 
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4,800,000 
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24.71 | 15,038,000 | 21.80 
26.77 | 18,100,000 | 
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8,491,000 
4,585,000 
4,642,000 | 
107,000 
632,000 


"18,457,000. 


5,689,000 | 
| 50,514,000 | 


100.00 


_DIsTRIBUTION OF ANTHRACITE 


68,971,000 


100.00 


— Based upon reports for the coal year 1923--24, shipments of anthracite 
__ within the United States were 74.8 per cent. domestic sizes (Pea and 


larger) and 25.2 per cent. steam sizes. 


principal amounts went thus: 


Of the coal so distributed, the 


Pea and Steam Sizes, 
Ber Gent, | Per Cent. 
iNieaye Din Eva eles SPE Ie eae Sis URC as Ore oe SOc ica 1608—— 2 Mi 
New York, New Jersey and Pence viv ann sip, Agta tT ca ock 64.9 94.8 
Maryland, Delaware, District of Columbia and Virginia... 4.3 0.5 
- Ohio, Indiana, Michigan, Wisconsin, Minnesota.......... 12.5 2.3 
- ~ 98.5 99.7 


Properties ‘of Coal Which Affect Its Use for the 
Manufacture of Coal Gas, Water Gas and 
Producer Gas 


By Ginpert FrRancKLyN,* New Yorks, N. Y. 


(New York Meeting, February, 1930) 


Tue requirements of coals for the manufacture of coal gas, water 
gas and producer gas will be considered separately and a short description 
of each gasmaking process will be given. 

In this report the term “‘gas coal” is confined to coals suitable for the 
manufacture of city gas in horizontal, inclined or vertical retorts. The 
report does not refer to coke-oven practice. ! 

Briefly, the process of manufacture consists of distilling the coal at 
high temperature in an externally heated retort out of contact with the 
air. The products of distillation, consisting of gas, tar, ammonia, etc. 
are collected and purified. The residue consists of coke, which is removed 
from the retort at the end of the carbonizing period. To supply the heat 
required in the process, a portion of the coke produced is converted into 
producer gas, which is burned under the retort settings. 


QUALITIES OF Gas CoALs 


The chief qualities that coal must possess in order to be classified as a 
gas coal are as follows: 

1. Gas Yield—The coal must be capable of yielding gas in sufficient 
volume and of a satisfactory quality. The yield depends considerably 
upon the temperature of distillation; a higher temperature will give a 
larger yield of gas, but the quality of gas (now measured by the British 
thermal units per cubic foot) will be lower, while a lower carbonizing 
temperature will give less gas of higher heating value. The true measure 
of the yield is the number of British thermal units produced in the gas 
from a given quantity of coal. This number is obtained by multiplying 
the cubic feet of gas from 1 lb. of coal by the British thermal units per 
cubic foot of gas; it is called B.t.u. feet per pound. It is found that the 


* Fuel Agent, Consolidated Gas Co. of New York and Member of Use Classifi- 
cation Technical Committee of Sectional Committee on Classification of Coal. 
American Standards Association. 

1 For this information, see H. J. Rose: Selection of Coals for the Manufacture of 
Coke. Trans. A. I. M. E. (1926) 74, 600. 
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(oes uu. feet per pound are not much affected by ordinary changes in the 
__ temperature used for carbonization. In practical work, a gas coal should - 
___ be capable of yielding 3000 B.t.u. ft. per pound, when carbonized in a % 

__well-operated plant with retorts in good repair. This yield should, of ‘ 

- course, be obtained without steaming and without any mixture of furnace — 
gas through the retort walls. The only laboratory indication as to the 
probable yield of a coal is the percentage of volatile matter in the proxi- 
mate analysis, and this affords only a rough basis of comparison of the 
yield of different coals. It is unfortunate that there is, at present, no 
standardized laboratory method in widespread use, for testing coals for 

their yield of gas in B.t.u. feet per pound. Such a test of a gas coal would 
be somewhat analogous to the calorific test now used on steam coal. 

2. Coking Qualities—The coal must produce a coke suitable to the 
uses to which that coke is to be put. One of these uses will always be the 
production of heat for the process of carbonization. The coke must, 
therefore, be a suitable fuel for the bench producers. The other uses 
of the coke will vary with local conditions. The qualities generally 
required in coke are good size, good structure, low ash and high or moder- 
ately high fusibility of ash, absence of tendency to form clinker, and low 

sulfur. <A high yield of coke need not be required because it will gener- 

ally be obtained at the expense of the yield of gas. 
= 3. By-products—In addition to gas and coke, the process of carbon- 
ization will yield certain quantities of tar and ammonia, the sale of which 

q is an important credit item against the cost of the coal. There is a 

difference in the yield of tar and ammonia from different coals, but the 

difference is not great enough to be considered a controlling factor in the 
suitability of the coal for most gas plants. The yield of other by-prod- 
ucts, such as cyanogen and naphthalene, and light oils, need not generally 

e be considered. ; 

: 4. Ash, Moisture and Sulfur—Low ash is an important consideration 

: because the ash displaces valuable ingredients. All the ash in the coal 

-_— remains in the coke, and high-ash coal therefore will produce a coke of 

5 still higher ash content. A gas coal should have as little ash as possible 

4 and should generally analyze below 8 per cent. 

: Moisture, like ash, displaces valuable ingredients and is also objec- 

~~ tionable because additional heat must be applied to vaporize it during 

carbonization. Most of the gas coals available do not contain 
excessive moisture. 

e Sulfur is an objectionable impurity. A portion of the sulfur appears 

in the gas and a portion remains in the coke; the quantity in each case 

depending upon the original form of the sulfur in the coal. A small 
amount of the total sulfur in the coal is also found in the tar produced. 
The sulfur in the gas, which is in the form of hydrogen sulfide, is removed 
by purification. An increase in its quantity increases the cost of purifica- 


of gas coals shall be less than 1.25 per cent. SW ikiet 


even charging of the setoxtalidlitthe Sen is to be ataed for ee 


gas is burned. 
certain uses and i is often associa 
clinker. For these reasons, it is Rept 


5: Physical See Hs fusion » point of the 


is burned: This point is direct in a coal with high pere 7 
ash. When the percentage of ash is low, there is less likelihood C 
trouble. The structure of the coal i is not of great » pico unl 


of time, lumpy coal will generally show less deterioration. 5A aR 
Sizing of the coal is not necessary, but screening out the fines is 1S 
in coals from certain mines. The chief reason for this is that - 


and the screened coal therefore shows a better analysis. 


" “ 1 
Summary of Qualifications <a 

Summarizing the qualifications listed above, we may say that a gas 
coal must be a coking coal and will generally show a proximate analyae a 
somewhat as follows: 7 ; em 


Pur CrntT a 

Moistuned naghay Sy totteo ee oh ae 2 High limit about 4 percent. = rs 
Volatileimatter ars us tachi nets iia 35 Low limit about 32 per cent. a 
Mixed tear bone auc scte ctiic set aie 57 ‘ 
NC) eae aaah Ms Ma Wt SER ac eee erd oN COR 8 High limit about 8 per cent. Se 
100 “e 

Sulit. yas cestasiene cherie came 0.9 High limit about 1.25 per cent. e4 
Fusion point@s Vint Wik 2 eee 2500° F. Low limit about 2350° F » 4 


It will usually have a fuel ratio (fixed carbon divided by volatile . 
matter) between 1.50 to 2.00. 2 
Such a coal would be described under Dr. Ashley’s classification asa 
bituminous caking coal ‘‘ Hivol,” or Coal 56 in rank, and the grade would 
be described as A.S.(or T.)G. 4 
It should be realized that none of the widely used laboratory tests _ 
to which coals are now submitted will show positively the suitability 
of a coal for gasmaking. It may be said, however, that a coal which 
shows an analysis within the limits given above, and complies with the 
other requirements mentioned, will in all probability be a satisfactory 
gas coal. 
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BT} 8 Coat ror WATER-GAS GENERATORS 


For the purpose of this report, coal for water-gas generators will be 


referred to as generator fuel. The process to which this coal is subjected — 


is intermittent. The generator consists of a cylindrical chamber lined 


_ with refractory material with grate bars near the bottom to hold the fuel 


bed. ‘This fuel bed is brought to incandescence by combustion with an 


air blast. The combustion products escape to the atmosphere, after 
part of their sensible heat has been utilized. When the temperature 


is high enough the air blast is shut off, the stack valve closed and steam 


_ is passed through the fuel bed. This steam is decomposed, uniting with 
_ the carbon of the coal to form “blue gas,”’ which is a mixture of hydrogen, 


carbon monoxide and a small quantity of carbon dioxide. The so-called 
run continues until the temperature of the fuel bed has dropped too low 
to give good results, then the steam is shut off, the stack valve opened, 


_ and the air blast again turned on. During the run the blue gas is usually 


carburetted with oil gas, produced by cracking gas oil in adjoining equip- 
ment. After carburetting, the gas is cooled and purified for use. In 
some cases the blue gas may be used without further enrichment. Both 
anthracite and bituminous coals may be used for this purpose. 


Anthracite for Generator Fuel 


For many years, anthracite was (with the important exception of 
coke, which is not considered in this report) the only fuel used for this 
process. The chemical qualities of most anthracites seem to be very 
suitable, except that some of them run too high in ash, and that some 
foreign anthracites are too high in sulfur. Ash is apt to form troublesome 
clinker and should be as low as possible, certainly not more than 12 per 
cent. High sulfur requires more purifying capacity than is provided at 
most plants, and should not exceed 1 per cent. Moisture is undesirable, 


but is not generally excessive in anthracites. 


The physical properties of generator fuel are important. Fusing 
point of ash should be high; in anthracites from this country it usually 
exceeds 2900° F. ‘The coal must be sized and must be hard enough to be 


__ delivered at point of consumption without breaking into fines. It must 


not show a tendency to break up into small pieces or into dust when sub- 
jected to high temperature. The sizes generally preferred are Broken or 
Egg. Stove coal can be used, but is usually higher in price. Smaller 
sizes do not give satisfactory results. 


Bituminous Coal Generator Fuel 


During the past few years, there has been a tendency to use bitumi- 
nous coal as generator fuel. It can be used alone or mixed in various 
proportions with anthracite or coke. The coals used have mostly been 
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gas coals or coals closely raked ran ved 
of the coals, however, seem to be more imp ortant 
properties. These coals must be sized to lumps of 
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high (2600° F. or higher) to Hed tendency to iat As to cher 
qualities, the ash should be as low as possible and the sulfur 1 D 1 
1.25 per cent., for reasons given in the preceding paragraphs. 
-_- volatile coking coals have generally been chosen for this use, 
for the reason that they are better adapted physically than many | 
low-volatile coals, which are often too friable. Volatile matter con 
and coking properties do not appear to be the most important “OL 
eration in selecting coal to be used for water-gas manufacture. 
Since coals as different in rank as anthracite (noncoking and y 
more than 90 per cent. fixed carbon on an ash-free basis) and high-r: 3 
bituminous coal (strongly coking, with a percentage of fixed carbon as” be 
low as 60 per cent.) can both be used with success, it would seem impossi- _ 
ble to say definitely what the chemical requirements are for this process, — 
except that in all cases ash, sulfur and moisture should be as low as a ve 
be obtained, and coals that show the least tendency to clinker should be 
chosen. The physical requirements are more definite; they consist of a 
high fusing point of ash (to avoid clinkering eoahicg: and a structure <= 1 
that permits of proper sizing and will not break up under the influence a - 
of high temperature. ee 
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CoaL FOR MANUFACTURE OF PRODUCER Gas 


The process of manufacture of producer gas is continuous. Acurrent 
of air and steam is passed through a fuel bed contained in a cylindrical — 
producer lined with refractory material. The upper layer of the fuel bed 
consists of raw fuel, which is fed in from the top and is gradually heated 
as it passes downwards, with distillation of the volatile components. 
The middle layer of the bed is mostly carbon and ash, and this layer is 
kept at a temperature high enough to decompose steam, the temperature 
being regulated by changing the proportion of air and steam passing 
through. In this layer the air and steam combine with the carbon to 
form carbon monoxide, hydrogen and a small quantity of carbon dioxide. 
These gases, with nitrogen, pass upward, mixing in the upper layer with 
the products of distillation, and are led away from the top of the producer 
for use. The lower layer of the bed is composed mostly of ash, which 
is eventually removed from the bottom of the producer. The quality 
of the gas produced will vary with the type of fuel and the proportion of 
air and steam used. | 


;, there will be’ difficulty i in ‘leg he necessary #3 
has een stated that the moisture in the coal must not — 


1 ~The chief tee difficulty is to ues ths fuel Bel 
, Poulin that the air and steam pass through it evenly and so : 
ke thorough contact with the combustible matter of the coal. High” 4 
low fusion nee of ash and strong coking quality tend to make an 


anf is Mic Oe conte in the icone! gas. ‘ 
Coals of different sizes can be used but a great variation in size, such 
ey as run of mine coal varying from large lumps to fines, makes it more 
_ difficult to maintain an even fuel bed. 

With the limitations mentioned, coals of all rank, from anthracite 
to. peat (as well as coke), can be used in suitable producers, and the price 
for which they can be obtained is generally the most impor- 
tant consideration. 


ALLOWABLE SULFUR IN MANUFACTURE OF GAS 


As bearing upon the chemical qualities of coals suitable for manu- 
facture of gas, the tabulation of requirements as to sulfur (Table 1) 
adopted by state public utility commissions is submitted. This has been 
checked from the original data in possession of the American Gas Assn., 
oy) July, 1928. 


2 Keystone Coal Buyers Catalogue, 1928. 


712 PROPERTIES OF COAL REQUIRED IN MANUFACTURE OF GAS 


Tapie 1.—Allowable Sulfur in Manufacture of Gas 


Sulfur Grains per 
100 Cu. Ft. Maxi- 
mum Allowable 


Hydrogen Sulfide, 
State Maen Allowable 
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¢ Commission has no general regulations. 
6 Commission has no jurisdiction. 

¢ State rules do not apply in some cities. 
4 No commission. 
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DISCUSSION - 


G. H. Asuuery, Harrisburg, Pa., asked if any progress is being made in the elimina- 
tion of sulfur, stating that in a furnace burning gas with an appreciable sulfur content, 
it is necessary to use metal costing about 35 c. per lb., to prevent corrosion, whereas, 
if the gas were free from sulfur metal costing only a tenth as much could be used. 


Mr. FraNcKLYN replied that while H.S is now almost entirely removed, the organic 
sulfur remains in the gas. é 


H. J. Ross, Pittsburgh, Pa., verified this, adding that organic sulfur is ordinarily 
removed at gas plants only when it is excessively high, a common limit being 30 gr. 
per 100 cu. ft. Such sulfur may be reduced by oil washing, although processes are 
now available whereby it can be entirely removed. 


GENERAL DISCUSSION OF FEBRUARY, 1930, COAL 
CLASSIFICATION PAPERS 


T. F. Down1nG, Jr., Philadelphia, Pa. (written discussion).—The papers ie Se 
at the February, 1930, meeting acquainted us with the tremendous amount of study 
and labor which the committees have already given to the subject. We also got some 
idea of the work still remaining to complete the job. ; 

The object of this paper is to present some observations of the writer concerning 
points not previously discussed but which would seem pertinent to a complete © 
classification. 

In examining a virgin property the engineer takes face or drill core samples for 
analyses. From the results he roughly classifies the coal and computes the return 
which may be expected from sales in the markets tributary to-the field. Incomplete 
consideration of this part may result in serious loss to his client or company. 

When called in on marketing problems the engineer should first visit the mines, 
take samples, observe mining conditions, and generally compare the value of the coal 
with those of other producers in the same trade. 

The large consumer should likewise be somewhat familiar with conditions at mines 
from which his supply comes so as to be better able to judge value received. 

The writer has been fortunate in having to look on the subject from all sides and 
the following expressions are the result of experience. 

It will be noted that the commercial value of coal is expressed in dollars and cents 
whether the viewpoint be that of the owner, producer, or consumer. It would there- 
fore seem that the commercial success of the proposed classification will depend on 
how close it shows the relative values of our American coals. 

Analyses of bed sections do not always reflect the possibilities or value of the 
seam. The writer has never read any discussion on this particular phase but is firmly 
convinced that operating methods and screening may change the chemical qualities 
of the product as shipped. 

Mining men use the term ‘‘mining section” to designate a part of a seam softer 
than other parts and in which the coal can be most easily undermined or cut. Many 
veins have this soft stratum and some beds are made up of several layers of coal each 
differing in physical structure. 

When a seam contains strata of unsimilar physical characteristics the chemical 
analysis of each stratum usually differs from those of the others. This is a fact not 
generally recognized. The writer is familiar with a considerable area whose coal 
would be rejected for cokemaking, on analysis of face samples, because of high sulfur 
content yet the nut and slack contain less sulfur than the standard set up in the 
papers presented at the meeting. 

To illustrate better, and form a definite basis for partial discussion on the above 
points, actual analyses from a single face sample of a well known Eastern bed are given 
here. The information must be treated as confidential so that no names or thicknesses 
can be used. For this purpose it is sufficient to say the vein exceeds 5 ft. in thickness 
and carrics a good roof and fair floor. It has three strata all differing in physical 
structure. The three layers are here designated as top, middle, and bottom benches. 
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2g - Before Haein let us fix four points i in our minds. First, the producer wants as | 


ersified a market and as high a price as he quality of his product warrants. 


all uses. Beal certain users desire a fuel fairly consistent in analeenis 
A bed sample jannlvats would fix the above coal as suitable for by-product use and 
- some business may be thus placed. The other analyses show that such business would 
m probably be lost due to Auctuation of ash content in carload shipments. Those 
- familiar with special use requirements would pick many flaws from the showing of 
ps this group of analyses. 
If shipped as run-of-mine the trade would slowly, but surely, Bae this apparently 
good coal as average steam fuel. 
pa , _ Most operators screen in order to get the advantage of higher prices for the large 
sizes but the owner of the above coal, by intelligent operation, can enlarge the scope 
es of his market and increase his earnings by so doing. If the cutting is done in the 
oe bottom bench the screenings will run too high in ash, and possibly sulfur, for the more 
a _ for any use in its class and size. The uses of the prepared sizes would depend largely 
on the relative firmness of the structure of the several benches. It may be possible 
to obtain a good water-gas size and a fair domestic lump. 

It is possible, and entirely practical, to ship many coals, usually considered 
ordinary, as excellent products for the uses to which their common class may be put. 

The writer has observed a number of instances where veins are constituted along 
lines somewhat similar to that pictured above. It may be one of the committee’s 
questions to decide just how prevalent this condition is and whether or not veins are 

consistent in such respects over large areas. 

Consumers have told many operators ‘‘the coal looks and analyzes all right but 
it just doesn’t suit.” The reason may be found in its component parts. One small 
stratum may eontain most of the ash, sulfur, or phosphorus or so differ from the 

x remaining coal as to make the whole undesirable for some purposes when loaded in 

disproportional volume. 

The writer has examined many thousand analyses and some coals run remarkably 

consistent.. However, it is surprising how many coals show great divergence in 

shipment. Veins running over 6 per cent. inherent ash have produced whole cargoes 

of sized coal running less than 4. Other commercial analyses show ash and sulfur 

contents far in excess of the average in the seam. 

re It would seem that the scope of the classification is much wider than would appear 
if it is to result in practical usefulness. Classification of coals, by beds and districts, 
from bed sections may ascribe virtues which coals do not have or condemn coals which 


may be made worthy. 
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exacting uses. By cutting in the top or middle bench the slack should be acceptable - 
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